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PREFACE. 



The present volume being largely based upon my own practice 
in the particular branch of Engineering with which it is con- 
cerned, and the conclusions expressed therein being the result of 
careful study of the various questions dealt with, I venture to 
hope that it may be found in some respects useful as a book 
of reference by many of my brother Engineers. In writing 
it, however, I have specially kept in mind the requirements 
of those Students of Engineering to whom the subject of Water 
Supply may be a novel one. 

It would be impossible, even were it desirable, to write such 
a book without making frequent use of what has already been 
written and pubUshed; and I have not hesitated to quote from, 
or to give the sense of, any writings on the subject that I have 
had access to. But I have been careful, as far as possible, 
to acknowledge the sources of any information that has not arisen 
out of my own practice ; and if in any case I have failed to do 
so the omission is due to oversight, not to intention, and I shall 
be glad to be told of it.* Such standard works as those of 
Humber and Fanning (it need not be said) I have freely used. 
I do not pretend that every piece of information which has been 

* This book had been written nearly a year before I had an opportunity of 
seeing the excellent work, " The Principles of Waterworks Engineering," by 
Mr. J. H. Tudsbery Turner, B.Sc, and Mr. A. W. Brightmore, M.Sc. 
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gained from these works is individually acknowledged, and I 
therefore make this general acknowledgment. 

•For obvious reasons, I hope that the work may prove of 
special interest, as well as utility, to Japanese Students ; and I 
have for this reason inserted here and there matter that applies 
to Japan alone. Such matter, however, has been relegated to 
the position of foot-notes, so that it need not interrupt the 
course of what is of interest to the general reader. 

It would be impossible to mention even the names of all those 
personal friends who in one way or another have kindly rendered 
me assistance in regard to the work, although acknowledgments 
of the help received from many of them will be found scattered 
through the text. I cannot help, however, particularly mention- 
ing here my colleagues Dr. E. Divers, F.R.S. ; Professor Charles 
Dickinson West, M. A. ; Professor A. Inokuchi ; and Professor 
John Milne, F.R.S. To the first of these I am indebted for 
advice in matters connected with Chemistry, as well as for 
revising what I had written touching that subject, and for 
having himself written several paragraphs which are duly 
acknowledged in their places. Mr. West, and Mr. Inokuchi, I 
have to thank for assistance and advice in all matters connected 
with Mechanical Engineering ; and Mr. Milne for his interesting 
paper on the Effects of Earthquakes on Waterworks, which is 
printed as an Appendix. 

W. K. BURTON. 

College op Engineering, 

Imperial University, 

Tokyo, Japan. 
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WATER SUPPLY OF TOWNS, 



CHAPTER I. 
Introductory. 

It is superfluous, at the present day, to expound at any great 
length the necessity for a plentiful supply of pure water wherever 
people are closely congregated together in towns or villages, for 
the necessity is known to all. Indeed, although it is only of late 
years that the influence of water-supply on the health of a 
community has come to be thoroughly understood, the necessity 
for a supply of water has been felt from the earliest times, and 
the sites of towns and villages have been determined as much 
by the possibihty of obtaining a supply of water, as by other 
considerations. It has often been pointed out how the congeries 
of villages that now form London were at first isolated from each 
other, each being built over a patch of water-bearing gravel, and 
how the fiUing up of the interstices between them became possible 
only when some more general supply of water than that from 
wells in the gravel was provided. 

Almost instinctively there must have been selected as a site 
for a habitation one where water could readily be obtained either 
from a stream or a spring, or by digging to no great depth in the 
ground, and, as long as houses were isolated, or only in very small 
groups, such a supply of water was in many cases all that was 
necessary. It was probably plentiful, and likely to be pure in the 
sense of being free from dissolved organic matter, or the like im- 
purities, that are known either to cause or to spread disease. Even 
Ihe much despised shallow well will give a wholesome supply of 
water, if it is suitably situated : if, for example, it is at the foot 
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of a hill, so that it intercepts the underground flow of the water 
from the hill side. A shallow well may, indeed, even in the case 
of a single isolated house be a source of danger when, for example, 
as is too often the case, a cesspool is excavated in the same porous 
soil at no distance from it. In this case the matter from the 
cesspool probably percolates into the well, with the result of 
rendering the water most unwholesome; but even here we are 
not likely to have the spreading of an epidemic such as we may 
have if a common source of water becomes contaminated. 

It is when people begin to settle together in rude 
communities that the danger really becomes great, for it 
is then almost certain that there will be no efficient means 
of carrying off the filth that in modem cities and towns 
constitutes sewage. A part of it will probably sink into the 
ground, another part will find its way by natural channels 
to the nearest stream. If the supply of water be from 
shallow wells, the quality of the water is sure to get 
worse and worse till, at last, the water-bearing stratum is 
saturated with sewage, and the wells are full of water that is 
nothing better than dilute sewage. If the inhabitants have 
built their houses on the banks of a stream relying on the 
water of this for a supply, it is certain that gradually more 
and more filthy matter will find its way into the stream and 
the community will suffer, especially the part that is down- 
stream. In either case — that of the wells or of the stream — 
not only is the general health of the community sure to suffer, 
but, in the case of certain epidemics that are known to be 
communicated through water — notably cholera — it is likely that, 
if once the sickness enters the village or town, it will spread " like 
wild-fire." In one case the germs of disease, entering the soil, 
find their way into the wells ; in the other they are carried into 
the stream. In either case the result will be much the same. 

Where shallow wells are used, it is the lowest parts of the 
town that suffer most. The writer has known cases in which 
the impurities in shallow Avells within a town were just about 
inversely proportional to the heights of the sites of the wells. If 
a stream is rehed on for supply, it is the down-stream people 
that will suffer the most. 

Apart, however, from quality, it often happens that as a 
community increases in size the quantity of water begins to fall 
short, so that in times of long continued drought actual water 
famines occur, such famines being the more terrible because, in 
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most countries, they are liable to take place when the weather is 
at its hottest. 

Thus it comes to pass that, in every town that keeps 
increasing in size, a time is reached when it becomes necessary 
to construct special works either for getting water from a great 
depth, or from a distance, else the health of the community will 
suffer, and the death-rate increase. 

The ancients well appreciated the necessity of a copious 
supply of water, and, moreover, seem to have known the bearing 
that a pure supply had upon health. The Romans especially, 
not only in their own country, but in the countries that they 
conquered, carried out works the magnificence of which testifies to 
this day to their boldness and skill as engineers. 

After the fall of the Koman Empire, the question of water 
supply seems to have fallen into abeyance, and, indeed, there can 
be no doubt that the terribly high death-rate which, so far as 
statistics can be got at, existed during the middle ages, as well as 
the terrible epidemics that decimated, and much more than 
decimated, the populations of whole towns and even countries, 
were in great part due to an insufficient supply of water. It 
would seem that the supply of water in Mexico and in Peru was 
vastly superior to that of Europe till the Spaniards conquered 
these countries in the 16th century, and all the monuments of 
their early civilization were allowed to go to ruin. The ruins 
of some of their works for water supply are eclipsed in grandeur 
only by those of the Romans. Nor is the American continent 
the only country that has set the example to Europe. There can 
be no doubt that, from the time, nearly three centuries ago, 
that Tokyo, the capital of Japan, was supplied with water by the 
Tamagawa canal, supplemented by a complete system of ingenious 
wooden pipes of square section, till about the beginning of this 
century, it had a better supply of water than either London or 
Paris, or probably any town in Europe of which the natural 
supply was not exceptionally good. 

Waterworks, as the term is now generally understood, for the 
supply of water to villages, towns, and cities, may be said to 
have originated only after the beginning of the present century. 
Wooden pipes for the distribution of water were used in London 
up to about 1820. 

There can be no doubt that, in the earlier days of waterworks, 
a great deal was done by ** private enterprise," and that many 
waterworks were constructed by companies to which concessions 

B 2 
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were granted, that would not otherwise have been constructed at 
all for a long time to come. It is also true that in many cases 
the projectors either gained nothing, or had to wait a long 
time till they did gain anything. Even at the present time there 
are many who think that it is advantageous to entrust the supply 
of water in towns to private companies, and it may be that in 
certain places where the work has been so entrusted, supplies of 
water have been provided which would not otherwise have been 
available. There is, however, a growing feeling that the supply 
of water to towns should be municipal work; that a matter of 
such vast importance to the public health is "not one which should 
be left in private hands ; and, indeed, that it is not a matter from 
which profit should be made at all — that is to say, a direct money 
profit for individuals or even a municipality. The profit, of a 
most solid kind, to the community, is undoubted. 

There should, in fact, in connection with water supply be much 
less consideration than there is of pounds, shillings, and pence, 
except in the matter of prevention of the waste of water. The 
question should not be, "How cheaply can Ave get a supply of 
water ? " but, " What is the very best supply of water that we can 
get at any price that it is practicable for us to pay ? " This is so 
far as providing a plentiful supply of wholesome water for domestic 
purposes is concerned, so that the public health may be kept as 
good as possible. It is different in the case of supplying water for 
manufacturing purposes, or for purposes purely of luxury, such as 
gardens and fountains. There is no reason why the municipality 
should not make a profit out of water supplied for these and the 
like purposes. 

Another matter in connection with which it is quite legitimate 
to consider the question of pounds, shiUings, and pence in regard 
to water supply, is that of insurance against loss by fire. This is 
a question not generally sufficiently considered when new water- 
works, or extension of existing waterworks, are proposed. It is 
not considered that, very often, the expense of the construction of 
waterworks will actually be repaid within a few years by the 
saving in the destruction of property by fire. This is probably 
owing, in Europe at any rate, to the fact that waterworks in most 
cities have, so to speak, grown up, having gradually been improved 
and extended, instead of being suddenly brought into existence, as 
well as to the fact that until quite recently very insufficient atten- 
tion was given to so proportioning the system of distribution that 
the mains can throw plentiful streams of water on any building 
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at which a fire may occur. And it is much to be regretted 
more attention is not given to this aspect of waterworks. In 
America, where cities grow up with mushroom-like rapidity, so 
that, very soon after only a small congregation of houses has 
arisen, there is a great town needing a water-supply system, the 
saving of loss of property from fire is better appreciated. The 
reduction of fire insurance premiums in towns and cities as soon as 
an eflScient water-supply has been provided is the surest gauge of 
the saving. 

It is probable that, in countries like Japan, in which fires are 
very frequent, the total expense of providing waterworks would 
be recouped in a few years — perhaps in from five to twenty years, 
according to the first cost of the work — by the saving of pro- 
perty from destruction by fire alone, to say nothing of other 
considerations. 



CHAPTER II. 

Different Qualities of Water. 

Quality of Water. — There are two things that have to be 
taken into consideration before a source of water is decided on for 
a town supply : one is quality of the water, the other is quantity. 

Every one knows that the quality of diflferent waters varies 
greatly ; that some are pleasant to the taste and smell, and that 
some are not ; and, what is much more important, that some are 
perfectly harmless, whilst others are liable to produce ill-health 
when habitually drunk, or even to spread epidemic diseases ; that 
some are good for washing, and others not ; that some are inferior 
to others for cooking, and so on. It is necessary, therefore, for 
the engineer who is to report on a proposed source of water, to 
have some knowledge of the causes of the difference in the 
qualities of water, although he need not have any deep know- 
ledge of chemistry, far less be able to analyse water himself. He 
will find it much more convenient, if he wants an opinion on 
water, to hand a sample of it to a professional chemist, getting, if 
possible, the latter's opinion on the resiilts of both a chemical and 
a biological examination.'"' 

At the same time, I wish here to warn engineers against 
relying solely on the report of a chemist, either in adopting or in 
condemning a source of water. Should the report of the chemist 
be condemnatory, the water may be condemned out of hand, at 
any rate after a second analysis has confirmed the first ; but, if 
the result of the analysis is to indicate a pure water, more care is 
necessary on the part of the engineer. He must make a personal 
examination of the source : if it is a river or a stream he should 
follow it to its beginnings, noting along both banks what possible 

♦ The writer went through a special laboratory course to learn to make a 
thorough water analysis, and never afterwards applied the knowledge he had 
gained, finding it far more convenient to hand ever the analysis of water, on which 
he wanted an opinion, to a professional chemist. 
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sources of pollution there may be. Whatever the result of a 
chemical examination may have been, the water of a river should 
be condenmed if it is found that there is a copious discharge of 
sewage into it a mile or so above the proposed intake. The 
writer has known a case where chemical analysis, performed by a 
chemist of reputation, failed to discover any organic impurity in 
such water. Again, in the case of a mountain stream flowing 
over a clear, stony bottom, without either cultivation or habita- 
tions on the sides, a chemical analysis is almost unnecessary, except 
to determine the hardness of the water. 

In any case it must be distinctly understood that no conclusion 
can be arrived at from a single analysis. Waters are nearly all 
liable to vary from time to time. This is particularly true of 
shallow well water, and of river water. In time of floods, river 
water is Uable to have a large quantity of inorganic matter in 
suspension and perhaps in solution, whilst sewage having access 
to it is Ukely to be so much diluted, that the organic matter it 
contains cannot be detected. It is quite possible that such was 
the state of afiairs in the case cited above. Again, in the case of 
rivers receiving the drainage of rice cultivation, there can be no 
doubt that the quaUty of the water must vary much. Just after 
the newly manured fields have begun to be irrigated, the drainage 
water must contain much organic matter of a highly dangerous 
nature, whilst, when the rice has grown tall and strong, towards 
the end of the time of irrigation, it is likely that the drainage 
water is practically as pure when it leaves the paddy fields as 
when it is discharged on to them, in fact it is quite possible that, 
in some cases, it is purer. No conclusion can be come to as to the 
fitness of a river for a water-supply from analyses, chemical or bio- 
logical or both, unless these have been performed at short intervals, 
say of not more than one month each, during at least one year. 

I do not wish it to be thought that I am decrying the useful- 
ness of chemical, much less of biological, analysis. By no means 
so, but I say that a little intelligence must accompany the use of 
the reports of chemists. We do not want, any more, to have the 
reports of engineers beginning, " A sample of the water was taken 

from the source on such a day and was handed to Mr. for 

analysis. The following is the result of the analysis : — 



ItwiU 

be seen that the water is one thoroughly suited for a domestic 
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supply : '' without anyihing indicating that an actual examination 
of the source has been made. 

If a shallow well is on the lower side — in the sense of being 
on that side towards which the underground water is flowing — of 
a cesspool, midden heap, pig sty, or the like, from which filth is 
soaking into the ground, it could not be pronounced a safe source 
of supply though a thousand chemical analyses failed to detect 
contamination. 

Taking Samples of Water, — If possible the chemist should 
draw his own sample of water, but this is often inconvenient. For 
this reason a word or two on the collection of samples of water 
may not be out of place here. Each sample should consist of 
about half a gallon, and should be collected in a clear glass bottle 
with a glass stopper. In England nothing is better than the 
" Winchester quart," holding eighty ounces, or just half a gallon. 
The bottle must be made scrupulously clean, and, before it is filled, 
it should be rinsed out two or three times with the water to be 
collected. Care should be taken not to stir up any mud on the 
banks of a stream, and if the proposed source is a large river or a 
lake, the water should be collected at some distance from the bank, 
from a boat, or, in the case of a river, from a bridge, if possible. 
The mouth of the bottle should be entirely submerged whilst the 
water is being collected. The stopper should not be luted down 
with any cementing material, but merely tied with string. 

The sample of water should be handed over to the analyst as 
soon as possible, as changes are liable to take place. If it has to 
be kept for any length of time, it should be kept in a cool place 
away from any strong light. 

The Self-purification of Natural Streams.— This may 
be the best place in which to discuss the question of the self- 
purification of streams of water, when flowing for some distance. 

Premising that the most dangerous contamination of water is 
from sewage and the like refuse, which adds decomposing organic 
matter to the water — not of itself necessarily dangerous to health, 
but forming the vehicle for the multiplication of micro-organisms, 
some of which are supposed to be the cause of disease, or at least 
to have the power to spread infectious disease — ^it is admitted on 
all hands that water thus contaminated at one point along the 
course of its flow becomes gradually purer and purer, the organic 
matter being changed into simple and harmless compounds, till 
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it may seem, from chemical analysis, to be as fit for drinking as it 
was before it received the contaminating matter. 

It has for long been known that the presence of oxygen was 
necessary for this change, and it was believed that the oxygen of 
the atmospheric air, a certain proportion of which dissolves in 
water, was the active agent. It would now appear that this is 
merely the passive agent, the active agent being micro-organisms, 
commonly called bacteria. The fact is that the bacteria exhaust 
the power of the organic matter to support them, after which it is 
harmless. It would appear that this organic matter is attacked 
first by a micro-organism that does not need oxygen for its work, 
but converts the nitrogenous organic matter into ammonia. This 
ammonia is then attacked by diflferent kinds of micro-organisms, 
which, making use of the oxygen dissolved in the water, convert 
the ammonia into nitrites and nitrates, which are unable to support 
bacterial life. Whether this description be scientifically correct or 
not, the fact remains that the water is, to all intents and purposes, 
rendered pure again if it only flows long enough. 

The question is, then. Shall water that is known to have 
received sewage, or the like filth, after it has flowed for a certain 
distance, be considered as fit for general use in^ towns ? One great 
diflSculty is the uncertainty of the time or distance taken for the 
completion of the process. Could it definitely be said that water 
will purify itself from decomposing organic matter by flowing ten 
miles, or by flowing twenty miles, or by flowing any particular 
distance, there would be a nearer approach to an answer to the 
question, but there is no such certainty. It is evident that 
several factors enter into the question. Thus the quantity and 
nature of the impurity are two ; time is another ; the extent that 
the water is exposed to the air is another; and temperature is 
still another. It will therefore happen that, in the case of a rapid 
running stream, the time taken for purification will be shorter 
than with a sluggish stream, but the distance flowed may, perhaps, 
be longer. Again, with the same average velocities, purification 
will take a shorter distance and a shorter time too in a stream 
that tumbles over a rough and bouldery bed, than in the case of 
one that flows over a smooth bottom. Further, the quantity of 
comparatively pure water that the contaminating matter flows 
into will certainly have something to do with the time of 
purification. 

At the request of Professor von Pettenkofer, Drs. Pfeiffer and 
Eiselohr investigated the action in the case of the river Isar, which 
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receives large quantities of sewage at Munich. This stream is 
immortalized as " rolling rapidly ; " and the doctors came to the 
conclusion that it practically purified itself within about ten miles. 
There are, however, many cases in which a river flows a much 
greater distance than this, without purifying itself. 

The attitude of those best able to give an opinion on this 
question may, perhaps, be summed up as follows : — Water of a 
stream that receives a considerable quantity of sewage or the 
like impurity, at any part of its course, should not be used for the 
supply of a town, even though chemically and bacteriologically it 
appears pure, if a water that receives no such contamination can 
be got at even considerably greater cost. On the other hand, the 
engineer should avoid being fanatical in the matter. It should be 
borne in mind that it is often better to select a water that is 
not ideally perfect, when no better can be had, than to put up 
with a distinctly bad water, or a scanty supply. Further, it 
should be borne in mind that there is no such thing in existence 
as natural stream water that receives no excremental matter. 
Every river receives the excrements of fish, birds, and other 
animals, and occasionally their dead bodies. It would be absurd 
to condemn the water of a large river because there are a few 
scattered cottages about the upper parts of the streams feeding it, 
although it is almost certain that these cottages will contribute a 
little sewage to it. Such sewage will constitute a minute fraction 
only of the decomposing organic matter that will inevitably reach 
the water. 

Nevertheless, in elaborating a scheme for water supply the 
abolition of even these causes of minute contamination should, if 
possible, be provided for by buying up the necessary properties. 

Common Impurities in Water. — From an engineer's point 
of view the following rough classification of the common impurities 
met with in water may be useful : — 

(1) Dissolved inorganic matter. 

(2) Suspended inorganic matter. 

(3) Dissolved organic matter. 

(4) Suspended organic matter. 

(5) Micro-organisms. 

Dissolved inorganic matter is not generally hurtful unless it is 
present in very large quantities, except inasmuch as it is Uable to 
lead to the hardness of water. In great quantities it may render 
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water unfit for general purposes. We have the extremes of such 
waters in natural mineral springs, often of use medicinally, but 
always unfit for general purposes. ApolUnaris and Hunyani- 
yados waters are good examples. All dissolved inorganic matter 
can be removed by distillation, but this process is not applicable 
to the large quantities of water used for the supply of towns. 

Hardness in water is that property which causes it to 
decompose a certain quantity of soap, forming insoluble compounds, 
before a lather can be formed. In fact, the quantity of soap 
so decomposed is generally taken as a measure of hardness ; the 
origin of the term being the water's " hardness " to soap. 
Hardness is chiefly due to the presence of the carbonates of 
lime and magnesia, also to the sulphates and nitrates of lime 
and magnesium. Hardness is either temporary or permanent. 
Temporary hardness is due to the presence of the carbonates 
above mentioned. These carbonates are not soluble to any 
material extent in water, but are soluble in the carbonic acid that 
nearly all natural water contains in solution. This carbonic acid 
can be driven off* by boiling the water, and, in this case, the carbo- 
nates are precipitated. It is these precipitated carbonates that 
form the incrustation and sediment so commonly seen in kettles 
and other cooking vessels that have been long in use for the 
boiling of water, and that form a large part of the incrustations 
of steam boilers. 

Another method of removing temporary hardness is known as 
Clark's process. In this process caustic Kme, in the form of lime- 
water, is added to the water to be softened. This combines with 
the carbonic acid, forming carbonate of lime. The carbonates 
originally in the water, and this new carbonate, have now no 
solvent, and are precipitated. This is a very interesting process, 
involving the apparent paradox that, by adding carbonate of 
hme to water, we get rid of carbonate of Ume ! When it is said 
that water is of a certain number of degrees of hardness (Clark's 
scale) it is meant that a gallon of water will precipitate as much 
soap as would be precipitated by a gallon of pure water in which 
that number of grains of carbonate of lime had been dissolved. 
Thus water of ten degrees of hardness will precipitate as much 
soap as would pure water to which carbonate of lime to the 
amount of ten grains per gallon had been added. The hardness 
that is left after the carbonates have been precipitated is 
permanent hardness. 

It is possible to tell roughly whether water is " hard " or 
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"soft" by noticing the feeling of it whikt washing the hands 
with soap. 

Excessive hardness of water leads to great waste of soap, makes 
the water unfit for dyeing and some other manufacturing processes, 
and gives great trouble to steam users. Much permanent hard- 
ness makes water objectionable for cooking, tea making, &c. 
The old idea that a certain quantity of hardness is necessary in 
potable waters to provide the carbonates used for building up 
animal tissue, is now exploded, it having been shown that the 
food contains more than enough carbonate, and it is now con- 
sidered by many that hard water is often detrimental to health. 
Another idea that waters owe their agreeable taste to dissolved 
salts, such as produce hardness, has been shown to be erroneous. 
These salts need to be present in much larger quantities than they 
ever are in water suitable for domestic supply before they can be 
detected by the sense of taste. It is now generally beUeved that 
the superior palatabiUty of some waters over others is due to 
dissolved gases, especially carbonic acid gas. This would 
account for the old idea that the palatableness was due to 
salts producing hardness, these being generally associated with 
carbonic acid* 

Water for a town supply should not have more than about 
eight, or at the outside, ten degrees of total hardness, three to 
four degrees of permanent hardness. 

The lime process for removing temporary hardness may be 
used where no soft water can be got, but the trouble and expense 
of working it are very considerable. 

Poisonous metallic salts, such as those of lead, are sometimes 
met with in water supplied to houses by waterworks, but they are 
almost always due to contamination in the pipes or other parts of 
the works. "^ 

Sv^pended oi^gajiic matter can be removed by settlement and 
ordinary sand filtration. It is, therefore, not objectionable un- 
less it is present in very large quantity, or in an extremely fine 
state of division, when the expense of removing it may be 
considerable. 

Dissolved organic matter may or may not in itself be 
dangerous to health, but is always a possible source of danger in 
water because it forms the vehicle for the multipUcation of 
pathogenic bacteria. Dissolved organic matter can be removed, 
or rendered innocuous, only by processes too expensive for general 

♦ See Note 1, Appendix II. 
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adoption. It is the worst form of contamination of water. 
Suspended organic matter can be removed by filtration, but it is 
scarcely ever — probably never — totally unassociated with dissolved 
organic matter. 

Micro-organisms. — As has been stated already, certain forms of 
micro-organisms perform the useful function of decomposing 
organic matter so that it is no longer capable of supporting micro- 
organisms. The bacteria that accomplish this seem to be harm- 
less, but the danger of water containing them in large quantities, 
is that it also hkely contains some of the specific micro-organisms 
that produce or spread certain diseases, and that the presence of a 
large number of bacteria of any kind indicates the presence of the 
wherewithal to support pathogenic bacteria. 

With due precautions bacteria can be removed to a very great 
extent from water by sand filtration. It is stated that as many as 
97 to 98 per cent, have been removed, but it has always to be 
borne in mind that, if there is a supply of dissolved organic 
matter, which is not removed by filtration, there is the means for 
an indefinite process of increase and multiplication in the bacteria 
that have passed the filter beds, and that, if the water is stored 
long enough, it will certainly become as bad, so far as number 
of bacteria is concerned, as if it had not been filtered at all. 
Hence the modem practice of ** hurrying on " to the consumer 
water that has been filtered witli the chief object of removing 
bacteria. 

In cases where water is softened by Clark's process, already 
mentioned, the carbonate of lime precipitated in a very fine state 
of division carries with it a large percentage of any bacteria there 
may be in the water. 

On a small scale bacteria can be removed entirely by Pasteur's 
filters, or by boiUng. It is always advisable to boil water that is 
to be drunk, unless it is exceptionally pure. By repeated boiling 
water can be '* sterilized," so that no further bacteria will appear 
in it, unless they reach it from the outside. 

Purity of Water.— The purity of water cannot be judged by 
its taste. It has even been stated that the particular palatability 
of some waters has been due to an admixture of sewage. Whether 
this be true or not it is certain that a very appreciable quantity of 
sewage may be present without rendering water in any way 
unpalatable. There is the now very famous case of the old-time 
London well which held so high a reputation for the purity of its 
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water that people sent from great distances for it, till an epidemic 
was traced to the well, when it was found that one of the public 
sewers leaked into it ! 

The following table, issued by the Rivers Pollution Com- 
missioners (item eight added by the writer) has almost become 
classical : — 

1. Spring water 1 Very 



} 



Wholesome -| 2. Deep well water J palatable. 

3. Upland surface water 1 Moderately 

Q . . j^ 4. Stored rain water I palatable, 

uspicious I g Surface water from cultivated land \ 

(6. River water to which sewage gains ( -p i i r i 
access f 

7. Shallow well water ) 

8. Water from paddy fields. 

The statements as to water being "very palatable," "moderately 
palatable/' and " palatable," must, of course, be taken as approxi- 
mations only. 

Spring Water is generally very free from organic matter, and 
from any kind of matter in suspension. It often, however, 
contains dissolved inorganic matter, in the form of mineral salts, 
in such quantities as to make it objectionably hard, or in some 
other way unfit for domestic use. We have the extreme of this in 
medicinal springs. 

Deep Well Water. — A deep well may perhaps be best defined 
as a well penetrating an impervious stratum into a water-bearing 
stratum below, in distinction from a shallow well which merely 
penetrates a surface water-bearing stratum. Although it may 
appear a contradiction in terms, it may thus occur that, measured 
by feet, a " shallow " well will be deeper than a " deep '* well. 
With the exception of possible mineral salts present in objection- 
able quantities, deep-well water is generally looked on as the 
purest that can be obtained on any large scale. The mineral salts 
present are likely to depend more on the nature of the stratum 
from which the water is drawn than on the original source of the 
water. The red sandstones and chalk formations are famous as 
giving particularly pure water, especially the latter ; and, strange 
to say, the water from deep-ljring chalk is generally rather soft 
than otherwise. Deep well water is liable to be somewhat 
deficient in aeration. 

Upland Surface Water. — This may be defined as the water from 
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springs, streams, and rivers above the line of cultivation and of 
human habitation. All mountain water is of this nature, and so 
is the water of such valleys as, from the precipitous nature of 
their sides, do not allow of cultivation or residence. Whether 
high or low, unless actually swampy, all water from entirely 
uninhabited tracts of land should come under this head. Such 
water is a very common source of supply, and, especially if from 
really high land, as, for example, in the form of mountain streams, 
is one of the most desirable of waters. Water of this class is 
sometimes very pure, and it is seldom that it is not pure enough 
to be selected as a source of supply ; but, within these limits, the 
purity varies considerably. " Peatiness," giving a brown colour, 
is a characteristic of the water from many mountain and moorland 
districts. This peatiness does not appear, when present to a 
moderate extent, to be harmful.* 

Stored Rain Water. — All water whatever is, in a certain sense, 
rain water ; that is to say, it has been over and over again 
evaporated and precipitated in the form of rain since the world 
began. What is meant here is water stored immediately after it 
has fallen, as, for example, when it is collected from the roofs of 
houses. The purity of such water varies greatly. In large cities, 
it may be very impure, collecting foreign matter both as it falls 
through the air, and as it washes the roofs of the houses. In the 
pure air of the country, rain water may be nearly as free from 
the presence of foreign matter as distilled water, but never quite. 
The chief characteristic of rain water is its absolute softness. On 
account of this it is very valuable for washing purposes. It is the 
custom, in many country houses in England, to collect the water 
from the roofs, and to store it specially for washing. 

In the experience of the writer rain water, even collected 
remote from towns, is far from palatable. 

Surface Water from Cultivated Land. — Of this water very little 
further can be said than that it is to be looked on with suspicion. 
The assumption being that there is no paddy-field cultivation, or 
sewage farming, the water may be fairly good, but it may be 
far from good, and there is the great danger of frequent 
variation in the quality. Such water cannot be looked on as 
desirable for a source of supply. 

River Water to which Sewage has gained access. — ^Water of this 
class has been so fully treated of under the head of the '* self- 

* See Note 2, Appendix II. 
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purification of water " (page 8 et seq.) that it seems unnecessary to 
say anything further about it here. 

Shallow Well Water. — This water is always to be looked on 
with suspicion if the wells are within towns and villages, if they 
are near farms with byres, pig-sties, &c., or, indeed, if they are 
near any possible source of contamination of the ground water. 
On the other hand, it is a mistake to condemn the water of all 
shallow wells out of hand. If the direction of the flow of under- 
ground water, which generally follows the slope of the land,- be 
ascertained by making trial borings, or by observing the level of 
the surface of the water in existing wells from which no water has 
been drawn for some httle time, and if it be ascertained that there 
is no possible source of contamination in the direction from which 
the water is flowing, shallow well water may well be classified 
with upland surface water. 

Water from Paddy Fields. — This kind of water must be 
looked on as highly dangerous. It may be classed with river- 
water to which sewage gains access. The principal difference is 
that the impurity of river water into which sewage discharges 
varies chiefly with the amount of dilution it is subject to, being, 
therefore, greatest after long-continued dry weather. The im- 
purity of water from paddy fields, on the other hand, varies with 
the season of the year. 

The writer has not had the curiosity to test the palatableness 
or otherwise of water from paddy fields, and has not, as yet, met 
with any one who could speak with authority on the subject. 



CHAPTER III. 

Quantity of Water to be Provided. 

Standard of Measurement. — Before saying anything about 
the quantity of water it is found necessary to provide in towns, 
let me advocate the cubic foot, in preference to the gallon, as a 
standard of measurement [1 cubic foot = 6*24 (or about 6^) gallons]. 
The gallon has a certain advantage in cases where weights of 
water have to be converted into volumes, or vice versd, in 
English measurement, as one gallon of water weighs just 10 lbs. ; 
but this conversion is seldom necessary in connection with water- 
works, and there are two distinct disadvantages in the gallon as a 
standard. In the first place there are two gallons, the Imperial 
gallon of Great Britain, and the U. S. gallon, used in the 
United States, which differ in capacity as five to four. Then 
there is the fact that neither gallon is an even fraction of a cubic 
foot. This fact involves a deal of unnecessary calculation which, 
albeit of the most simple arithmetical nature, adds greatly to the 
trouble of all problems in connection with discharge ; velocities of 
flow being always reckoned in feet, and cross sections — whether 
those of pipes, weirs, or other openings through which water flows 
— in square feet and inches. It is therefore a much less trouble- 
some thing to get out discharge in cubic feet * than in gallons. 

Quantity of Water Required per head. — Twenty -four 
hours is the period most convenient to reckon for, but it is difficult 
to come to any conclusion as to the quantity which in any given 
case it will be necessary to provide per head in the twenty-four 
hours. In some cases, where large quantities of water are used 
for trade or manufacturing purposes, it is possible to make some 

♦ In Japan the cubic shaku may, for all waterworks purposes, ba taken as 
equivalent to the cubic foot. 

C 
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estimate of these, but the somewhat indefinite " domestic 
supply " is very difficult to estimate. In fact, although 
certain attempts to estimate the quantities of water needed in 
dwelling-houses have been made from consideration of the 
different items of consumption, it is now generally conceded 
that it is better to make use of past practice than to depend 
on such estimates. 

Of late years large reductions in the consumption of water per 
head have been made by careful arrangements for saving waste. 
Waste has been saved in several ways, for example (1) by the use 
of district meters, (2) by the use of house meters, and (3) by 
insistance on the use of house-fittings of good quality only, and on 
their frequent inspection. The matter of meters will be treated 
fully further on. I may say, at present, concerning the third 
item, that the difficulty in preventing waste in waterworks has 
seldom been felt to any great extent in connection with the 
street mains, or the larger appUances belonging directly to the 
proprietors of the waterworks. These are fixed under the 
charge of skilled engineers, and are under their supervision 
afterwards. It thus occurs that leakage is not very likely to 
occur in them, and that, if it does, it is soon stopped. In the 
case of house-fittings it is quite different. These are put in by 
the builder or the householder, who employs whomsoever he likes. 
It is not in the least to the advantage of the former of these to be 
sure that no water- waste takes place, and it is to the reverse of 
the interest of the latter to prevent leakage — except when he 
pays for his water by meter — because he has nothing to pay for 
leakage, while he has to pay for preventing it. 

Very stringent regulations have been introduced in most 
English and many Continental towns for the prevention of waste 
in houses, and these have been put efficiently in force in at least 
a considerable number of cases. It has thus, in some cases, been 
possible to reduce the mean consumption, even in water-closet 
towns, for all except special trade purposes, to as little as 2 cubic 
feet per head per day, or even to a trifle less in the case of some 
European towns. We have to contrast with this the case of 
American towns in which water is used — or wasted — in quantities 
approaching, or perhaps actually equalling, 20 cubic feet per head 
per day. It is found that the quantity of water that has to be 
supplied per head is commonly rather greater in large towns or 
cities, than in small towns or villages, but this cannot be taken as 
by any means a fixed rule. 
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Perhaps the following estimates will be found fairly correct, 
for towns in which a fair amount of care is taken in preventing 
waste. The quantities of water are for all purposes except what 
are known as trade and manufacturing purposes : — 

2 (or even 2^) cubic feet of water per head per day is an 
unusually small mean supply ; 

3 (or at the most 3^) cubic feet mean supply per head per day 
ought to be sufficient in nearly all cases ; 

4 cubic feet per head per day is a very ample mean supply. 

To this there is to be added the water used for trade and 
manufacturing purposes, and the quantity of this naturally varies 
very greatly. Thus, in the case of purely manufacturing towns it 
may equal or even exceed the quantity needed for all other purposes. 
This is very exceptional, however, and it is much more common 
for it not to exceed about 25 per cent, of the water needed for 
other purposes. An additional supply at the rate of 1 cubic foot 
per head will generally be ample for towns that are not known 
specially as manufacturing towns. For American towns and 
cities it appears necessary to supply at least double these 
quantities, even if excessive waste be checked. 

This information may seem meagre enough, and, to tell the 
truth, it is. It might readily enough be supplemented by long 
lists of the consumption of water in different towns, but this 
consumption is constantly varying. As indicated above, the 
quantities used are, at present, in many cases undergoing 
reduction by prevention of waste, and therefore such lists might, 
in a very little time, prove misleading. Moreover, the writer 
thinks it best to state plainly that it is not possible to give any 
exact information as to the quantity of water needed in any 
particular circumstances. The engineer should make use of all 
local knowledge that he can arrive at — that is to say, as to the 
consumption of water in towns adjacent to the one for which a 
new supply is contemplated — and this especially if the towns are 
at all alike in situation, trade, wealth, and so forth, and then see 
that he makes provision for an unnecessarily large supply, rather 
than for one too small. 

Fluctuation in Consumption of Water. — The quantities 
just given are to be understood as being the mean daily consump- 
tion during the whole year, but this consumption is by no means 
uniform. As is natural, water is consumed more largely in hot 
summer weather than in cold weather. Again, in countries where 

c 2 
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the weather is very severe in winter, it is sometimes found neces- 
sary to allow a continual stream of water to run from hydrants, &c., 
to prevent them from freezing up. Of course this adds much 
waste to the consumption. 

Then again, there is, of course, a great variation in the 
quantity of water used during different parts of the twenty-four 
hours. Domestic consumption falls nearly to zero during some 
hours of the night, and is much above the mean during some 
hours of the day. 

Commonly the maximum consumption for any one whole 
month rises to 10 to 20 per cent, above the mean consumption 
for the whole year, and there are cases where it may rise to 30 
per cent, above the mean. For a few days at a time, during 
intensely hot and drj^ weather, the consumption may rise to 50 
per cent, above the mean, and it is necessary to provide for a 
possible consumption at this rate. 

The rate of consumption in the daytime may rise to about 
50 per cent, above the mean rate of consumption for the whole 
twenty- four hours. This means that the total consumption for 
any one day may be mean consumption for one day x 1*5, whilst 
the consumption for (say) one hour may be the mean hourly con- 
sumption for one hour X 1*5. ^'' 

Multiplying these two figures together we get 2*25 — that is to 
say, the rate of consumption for a short time during some parts of 
some day may be 2^ times as much as the mean annual consump- 
tion. It is not very likely, however, that the days on which the 
daily consumption is greatest will just correspond with those on 
which the hourly consumption is, in relation to the daily consump- 
tion, the greatest. It is, therefore, not really necessary to 
provide for a maximum consumption more than equal to twice 
the mean annual consumption, though there can be no harm in 
making some additional allowance. 

This is without taking into consideration the provision for fire 
extinctions, a subject that will be treated separately. 

Allowance for Increase of Population. — If it is difficult 
to make an estimate approaching to exactness of the quantity of 
water that is needed per head per day at the time that water- 
works are started, it is much more diflScult to make an estimate 

* Analysis from statistics of a number of German waterworks gives the 
following figures : — If mean consumption = 1, maximum daily consumption = 
mean daily consumption x 1 '4 ; absolute maximum rate of consumption = 1 *4 x 
1-5 = 21. 
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of the amount of margin that ought to be allowed for increase 
in the population. Naturally, in any particular case, the best 
estimate can be made by taking into consideration increase in the 
past, and assuming that increase in the future will be at a 
proportionate rate. This is a fair guide in the case of old 
countries where conditions have been fairly stable for a length 
of time, but it is scarcely any guide at all in new countries where 
towns may suddenly, after increasing at a moderate rate for a 
certain length of time, begin to " boom," as it is expressively put 
in America. 

Even in an old country, the making or finishing of a railway, 
canal, or harbour — ^the finding of unexpected mineral wealth — the 
starting of new industries — or any one of many things, may cause 
a sudden increase that could not possibly have been foretold. In 
such cases engineers and others are often very unfairly blamed, 
the non-technical public seeming to think that an engineer ought 
to have, in many matters, a prescience that, if it existed, would be 
simply supernatural. The writer remembers a case in point — it 
was not, however, a case of waterworks, but it very well might 
have been — where an engineer was persistently badgered by mem- 
bers of a board to which he had sent estimates, for not foreseeing 
a certain difficulty that no human being could have foreseen. 
*' And you call yourself an engineer ? " asked one of the block- 
heads that constituted the board. " Yes, that's just it," was the 
reply. " If I called myself a prophet, I might be expected to 
foresee such things." 

The best that can be done then is to look back on the past 
increase, and to take every circumstance into consideration that can 
be thought of in estimating the probable future increase. In the 
simplest possible case, let it be assumed that it has been decided 
that the water- works should need no augmentation for the next 
twenty years, and it is found that in the past twenty years the 
population has increased 22 per cent. It mil be advisable to con- 
struct the works for a population say 25 per cent, greater than the 
present population. 

Besides this, however, the greatest attention should be paid to 
so arranging all parts of the system to be estabhshed that, when 
augmentation does become necessary, it may be carried out at the 
least possible cost. Even supposing, for example, that it is 
decided that the whole of the works are to be constructed on the 
scale for a population 25 per cent, greater than the present, there 
will be some parts that may, w4th advantage, be made on a still 
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greater scale than this. These are parts which can be made, at 
first, on a large scale at a comparatively small additional cost, but 
which are expensive to augment afterwards. 

Take the simple case of a long pipe line, laid in a difficult 
position. It should always be borne in mind that of two pipes 
having diameters in the ratio of 3 to 4 — say 12-inch and 16-inch 
pipes — the larger will deliver more than twice the quantity the 
smaller will deliver. The price of the pipes, however, will vary only 
as about two to three, while the price for jointing will not vary so 
much, and the price for trenching and filling in will be very little 
more in one case than in another ; the same may be said of bridges or 
other supports that may have to be put up at diflferent places. It 
may, then, possibly happen that a pipe to give twice as much water 
as is needed for present population, will cost only about 20 per 
cent, more than one to carry 25 per cent, more than is necessary 
for the present population. On the other hand, if the original 
pipe has to be taken up and be replaced by a larger one, or if a 
second pipe has to be laid alongside the first (no special provision 
having been made for this from the beginning) the additional 
expense will probably be very great. In such a case, it will very 
often be the best policy to put in the big pipe from the first. 

The case of open channels for carrying water is another in 
which a great augmentation of water may often be had at a com- 
paratively low first cost, but in which the price of afterwards 
increasing the quantity carried may be very great. 

Of the very opposite nature is the case of filter-beds. It is 
customary, in the case of works of any considerable size, to have 
several filter-beds, all but one at work together, one generally 
being empty of water for sand clearing. If land be provided, or 
the possibility of being able to buy land be secured from the 
beginning, additional filter-beds can be constructed at practically 
the same cost as the first ones. It is, therefore, customary to 
allow but little margin in the case of filter-beds, making, however, 
all provision for adding new beds one at a time as they may be 
needed. 

The case of pumping machinery for large works is somewhat 
similar. There are generally several sets of pumps, one for 
" stand by," the others to work together. If due provision of 
space be made from the beginning, new pumping machinery may 
be added as it becomes necessary at about the same rate as the 
first. 

Reservoirs, especially when covered, come somewhere between 
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these two cases. Still it is generally possible to arrange that 
additional reservoir capacity can be provided at a rate not very 
much in excess of that of those first constructed. 

In designing distribution systems great attention should be 
paid to the possibility of augmenting the supply not only as a 
whole, but in particular directions — that is to say, in certain 
districts of the town, and in certain directions of extension — at as 
small an additional expenditure as may be. 

The likelihood that each part of a waterworks system may 
have to be augmented, ought, however, to be borne in mind from 
the first and in designing it the means of augmentation at the 
least possible cost should never be absent from the mind. . 



CHAPTER IV. 

On Ascertaining whether a Proposed Source of Supply 

IS Sufficient. 

Conditions of Supply. — If a source of water supply is in- 
v^estigated to discover whether it is sufficient in quantity, one of 
three things will always be found : — 

(1) The minimum supply equals or is greater than the 

quantity demanded. 

(2) The minimum supply is Jess than the quantity de- 

manded, but the avei^age supply is equal to or 
greater than the quantity demanded. 

(3) The average supply is less than the quantity demanded. 

(1) This is commonly the case when the supply is from rivers 
or from large natural lakes. It may also be the case with deep 
wells and, in the case of towns of moderate size, with large 
upland streams. Naturally this is the case that offers the least 
trouble to the engineers. 

(2) In this case, which is commonest with upland streams, it 
is necessary to have recourse to storage of the water in im- 
pounding reservoirs, and the only question — if a storage reservoir 
be practicable — is what storage capacity has to be provided, as, in 
some cases, only a few days' supply to tide over specially dry 
weather may be necessary ; while in others — namely, those where 
the demand about equals the average supply — such a storage 
capacity is necessary as will in effect convert a fluctuating stream 
into one of nearly constant discharge. 

(3) This is a case in which the supply is wholly insufficient, 
and in which it is necessary to search for another, either to supple- 
ment it, or to take the place of it. 

Gauging Springs, Streams, and Rivers.— In the case of 
most springs, and of small streams, the gauging may be done by 
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damming back the flow to form a pool of some deptli, across 
which one or more boards are laid, so that one man or more can 
readily lift out the water with pails. A stake is driven into this 
ground through the w^ater.. a mark being made on the stake a 
little below the level at which the water will overflow the dam. 
Pails of known capacity are used, and the water is lowered some 
distance below the mark. Operations are then stopped to allow 
the surface of the water to become smooth, and the water is 
allowed to rise to the mark when time is taken. The water is 
then rapidly removed till the level of the surface falls somewhat 




Figs. 1 and 2. — Weir or notchboard for gauging streams. 

below the mark. The level is kept at this, the number of pailsful 
of water being counted for a considerable time, say approaching 
an hour. Operations then cease to let the surface of the water 
become again smooth, and the time is carefully watched till the 
water surface reaches the mark again, when it is taken. 

Cubic feet of water removed by the buckets 
Number of minutes between the two times the suFfece = discharge m cub. ft. per mm. 
of the water reached the mark 

This may seem a very crude method of gauging, and, indeed, it 
is not a very delicate one, but it must be borne in mind that 
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nearly all water-gauging appliances give only approximate results. 
The writer does not put much faith in gaugings of water either 
by notch boards, or by observing the pressure necessary to force 
water through an aperture of known area, which profess to be 
within a very minute fraction of absolute accuracy. There are 
far too many elements of possible error, and it is likely that most 
gaugings of the kind just indicated are really as much in error as 
the common pail method, if this latter be carefully carried out. 
It is not, however, even with several assistants, commonly applic- 
able to quantities of over five or six cubic feet a minute, and it is 




Fig. 3. — Metal plate for weir or notchboard for gauging streams. 

difficult even when such quantities are measured. These quantities 
correspond about to a supply for a population of 3,000 people. 

For larger streams the common method of gauging is that of 
the weir or notchboard illustrated in Figs. 1 and 2.^'^ 

The principle of the notch board is that, if the breadth of a 
rectangular opening such as that shown in the cut is known, and 
the depth of water is also known — the depth being, in this case, 
the difference of level between the lower edge of the notch and 
that of still water at some distance behind the notch — the 
discharge of water can be discovered by the appUcation of a com- 
paratively simple formula. 

For very rough measurements an actual board may be used, 
the notch being carefully made, and the wood being chamfered or 
bevelled away on the down stream side. For more accurate work 
a metal plate, not more than about one-tenth of an inch thick, is 
fastened with screws to the wooden board, as shown in the accom- 
panying sketch (Fig. 3). Sheet brass is the best material to use. 

♦ The illustration is taken from " Our Homes and How to Make them Healthy," 
edited by Shirley F. Murphy. (By permission of the Publishers. London : Cassell 
&Co.) 
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The dam must, of course, be watertight, and it should, if 
possible, be of such a size and in such a position that there is 
a pool of practically still water behind it. If the pool be so small 
that the water approaches the dam with appreciable velocity, not 
only is the calculation more troublesome, but the results will 
probably be less accurate than with still water. The plane of the 
opening must be truly vertical, and the bottom and sides of the 
notch must be truly horizontal and vertical. The width of the 
notch should be such that the depth of water will be a quarter or 
less of the length, the depth being, however, not the actual depth 
of water on the weir, but the difference of level mentioned above. 

Amongst the many formulae ^' which have been given, that 
due to Mr. James B. Wood, C.E., is to be recommended, as giving 
results accurate enough for nearly all waterworks purposes, whilst 
it is not very complicated. It is : — 

Q = 3-33 (/ - 0-2 H) HA 
Where 
Q = Quantity of water in cubic feet per second, 
/ = Length of weir in feet, 

H = The obser^^ed depth of water in feet, that is to say, the difference in level be- 
tween the bottom of the weir and the surface of still water in the pool behind 
the weir. 

In cases where water approaches the weir at an appreciable 

velocity — that is to say, when it is moving in the pool before it 

comes close to the notch — a corrected formula is used, as follows : — 

Q = 3-83(/-0-2HJH, J 

In which Hi = H + h. 

In this case H has the same value as before. 

h is an addition to be made on account of the velocity of the 
approaching water : 

Where 

V = the velocity of the approaching water in feet per second. 

Table IV. in " Hydraulic and other Tables for purposes of 
Sewerage and Water-Supply," by Thomas Hennell, M.Inst.C.E., 
is a most handy one for facilitating calculations of the flow of 
water over weirs. In it is given (unfortunately in gallons) the 
discharge of weirs per inch of length (or width) for depths from 
i-inch to five feet. This table gives results sufficiently approxi- 
mate for rough gauging of streams. 

* This subject is very completely treated by Mr. J. F. Fanning, C.E., in his 
treatise on ** Hydraulic Water-supply Engineering," and all who want to go into the 
theory of the flow of water over weirs should read Chapter xiv. of that work. 
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Gauging Streams too large to be gauged by Notch- 
boards. — In the case of rivers which discharge over dams, it is 
generally possible to gauge the rivers at a dam with considerable 
accuracy and without much trouble, but readers are referred to 
works purely on hydraulics, or on river engineering, for the 
methods of such gauging. In ordinary cases the cross-section of 
the flow of the river is to be discovered, also the velocity of flow, 
when the two multiplied together equal the discharge. 

To gauge roughly a river, a part is selected where the flow is 
fairly even for some little distance, say a few hundred yards for 
rivers of moderate size, a greater distance for large rivers. The 
section is to be taken at several places, say at least four, along the 
distance to be used for gauging. The section is taken by measur- 
ing the depth at a number of equally distant points across the 
stream as shown in the subjoined sketch (Fig. 4). 




Fig. 4. — Section across river showing depth of stream at various points. 



The depths at each end are taken as zero,* and the mean 
depth X length is taken as the section. For example, the depths 
in the sketch may be taken as 0, 1*6 feet, 1*9 feet, 2*3, 2*6, 2*8, 
3-2, 3-4, 3-5, 2-3 and : — 



Q + I'G + 1-9 + 2-8 -f 2 -() + 2 -8 + 32 -h 3'4 + 3-5 + 3 3 -h 2;3 -f 

12 



= 2-242 ft 



Suppose the width to be 30 feet, the section in square feet = 
2-242 X 30 = 67-260. 

Several sections are thus taken, and the mean of them is 
assumed to be the section of the river. 

The next thing is to determine the surface velocity at the 
centre of the stream. This is done by taking the time necessary 
for a floating body to pass two marks at a known distance apart, 
the body having been placed in the water some distance above the 
higher mark, so that it may have acquired the full velocity of the 
water before it reaches this mark. Three operators are thus 
necessary. One places the floating body in the water. In the 

* It is obvious that, if the banks be vertical, this would give inaccurate results. 
In such a case the actual vertical depth would be taken. 
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case of a small river or stream this may simply be thrown from 
the bank, but in the case of a large river it should be thrown from 
a bridge or from a boat anchored about the centre of the stream. 
Two observers at a measured distance apart stand by upright 
stakes, there being other stakes exactly opposite on the other side 
of the stream, so that the floating object is sighted as it passes 
between the two stakes. Either one or other of the observers 
should have a stop watch, or each may have one with advantage, 
that they may check each other. In any case the passing of the 
floating body is signalled by one observer to the other by a rapid 
raising of the arm, or by some other pre-arranged signal. A 
number of observations is made, and the mean is taken as the 
surface velocity. 

The best floating object is one of specific gravity just a little 
less than water, that is to say, a body that will float all but sub- 
merged. Slices of turnip are excellent for the purpose ; they 
only just float, and their white colour makes them conspicuous. 
The surface velocity is greater than the mean velocity of a 
stream, and for rough estimations of discharge the mean velocity 
may be taken as three-fourths the surface velocity. ^^ 

Thus in the case we have imagined, if the surface velocity 
were estimated at 4*8 feet per second, we should take the mean 
velocity at 4*8 x f = 3*6 feet per second, and the discharge at 
67-260 X 3-6 = 242-136 cubic feet per second. 

More exact measurements can be made by the use of current 
meters or tachometers. These are generally in the form of fans, 
or, more strictly, of screw propellers, being, in fact, the exact con- 
verse of screw propellers. The revolutions of the fans are 
registered by trains of wheel-gearing just as in the case of 
water or gas meters, and from the number of revolutions the 
velocity of the water can be deduced. 

Other tachometers depend on the fact that, if a pipe bent 
at right angles, so that one part is vertical, another horizontal 
be placed in flowing water, the horizontal part with its open 
mouth up stream, the water in the vertical part of the pipe 
will rise above the surface of the water in the stream, the 
difference of level varying as the square of the velocity. 

♦ This only holds good, even approximately, when, as is generally the case in 
natural streams, the width is much greater than the depth — say not less than twelve 
times the mean depth. In very deep streams the mean velocity may be a consider- 
ably larger fraction than -75 of the surface velocity. Thus when the depth is half 
the width, the mean velocity may equal -920 of the surface velocity (Fanning), but 
f is a very safe fraction to take, as it is likely to be exceeded rather than the reverse. 
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With any of these current-meters, velocities may be taken 
at different depths at different distances across the stream, and 
the mean of all these observations may be taken as the mean 
velocity.* 

The Minimum Flow of Streams and Rivers. — In 

cases where a river or a large stream is proposed as a source of 
water supply, it is often easy, by a mere glance, and by making 
use of local information that can readily be obtained, to say 
definitely that the minimum capacity of the river will be ample 
for the supply, but there often occur cases where it is quite 
doubtful whether the minimum will be sufficient or not. In 
these cases it is necessary to do all that is possible to find out 
what the minimum discharge is likely to be, and it is as well 
to admit that it is often difficult or impossible to do much more 
than guess at the minimum discharge of a stream, from all the 
data that can be obtained before a report has to be made. 

In the rare case where, when a stream is first proposed for 
a source of water supply, it is found that systematic gauging 
has been carried on for a long series of years, the question is a 
simple one ; but it is not often that such cases are met with. 

Whenever a stream that has not been gauged is proposed as 
a source of supply, steps should be taken to begin systematic 
gaugings at once. There is almost always a good deal of delay 
before proposed waterworks get actually taken in hand, and 
during the interval it is likely that information may be obtained 
that will be very useful. 

If the flow of streams varied directly as the rainfall it would 
generally be easy to calculate the minimum flow of any stream, 
or rather no calculation would be necessary, for, as it ceases to 
rain at times in all places — even in the Highlands of Scotland — 
the rainfall is at times zero, and the minimum flow of all streams 
would be zero. We know, of course, however, that it is ex- 
ceptional for any stream, save a small one draining a non-absorbent 
surface, to become totally dry at any time of the year. 

If there were any constant ratio between the mean and the 
minimum discharge of a stream, the minimum might be dis- 
covered with fair accuracy with comparative ease, for the mean 
discharge may be estimated fairly exactly by gaugings spread 

♦ For a description and drawings of several current-meters, see Chap. xvi. of 
Tanning's ** Hydraulic and Water-Supply Engineering." Indeed, the whole of that 
chapter (on the Flow of Water in Open Channels) should he read. 
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over a comparatively short time, the rainfall being taken into 
consideration, and the mean of the gaugings assumed to be 
above or below the mean flow of the stream, in the same pro- 
portion that the mean rainfall during the time of observation 
was above or below the mean rainfall for a number of years. 

There is, however, no fixed ratio between mean flow and 
minimum flow, these varying not only with the rainfall, accord- 
ing as it is very variable or pretty evenly distributed the year 
round, but also varying with the nature of the ground — being 
less the more absorbent this is — and with the area of the catch- 
ment basin being less the greater this area is. 

We have the extreme case of variability in the drainage from 
the roof of a house. Here we have a small catchment area, one 
practically non-absorbent, and the flow of water ceases a few 
minutes after the rain stops falling. We have the opposite case 
in a great river draining large areas of flat or gently sloping ab- 
sorbent land, which remains navigable all the year round, and 
does not rise in excessive flood at any time. 

The following is part of a table given by Fanning, showing 
the minimum, mean, and maximum flow of streams in the average 
Atlantic coast basins * of the United States : — 



Area of watershed 1 square mile 

10 

» » 25 

50 

„ 100 

„ 250 

„ 500 



Mio. in cab. ft. 


Mean 


in cub. ft. 


Max. in cob. ft 


per sec. per 


per 


sec. per 


per sec. per 


sq. mile. 


»q 


. mile. 


sq. mile. 


•083 




100 


200 


•1 




•99 


136 


•11 




•98 


117 


•14 




•97 


104 


•18 




•95 


93 


•25 




•90 


80 


•30 




•87 


71 



It is not likely that there will be any question of the minimum 
being insufficient for the water supply of a town, with catchment 
areas of over 500 square miles : so the rest of the table is omitted. 

It will be seen from this table that the mean discharge 
becomes somewhat less per square mile as the catchment area 
increases, but that the maximum discharge becomes rapidly less. 

* In some parts of England the variations are greater than those given, in 
others less. In Japan, on account of the long dry winter season and the wet 
summer season — sometimes with rainfalls almost phenomenal, a foot in twenty-four 
hours having been more than once observed, and on one occasion more than double 
that quantity — the variations are generally greater. 
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The variation also becomes much less. Thus with a catchment 
area of only 1 square mile the minimum flow of a stream will be 
only about -^^ of the mean, with an area of 500 square miles it 
will be more than -J."^ 

Even here the '* minimum " refers to a fifteen days' period of 
least summer flow, so it is likely that the minima for a day or two 
at a time fall even below those given, especially for very small 
catchment areas ; but very small storage capacity, such as that of a 
settlement reservoir of fair size, would be sufficient to tide over 
these few days. 

In making enquiries as to the minimum flow of streams, 
advantage should always be taken of the local knowledge of 
farmers and others who are likely to be observant of the 
quantity of water in streams, especially in countries where water 
is used for irrigation. Too implicit faith must not, however, be 
placed on their testimony. Repeatedly the w^riter has been told 
that a stream "has never been known to be lower than it is at 
present," when a glance at tables of the rainfall of the district for 
a few years showed conclusively that it must have been lower 
even within a comparatively short period of time. 

♦ In the cape of the Kobe waterworks, so far as can be ascertained from the 
many gaugings that have been made, and the observations of rainfall over a long 
period, it would appear that, whilst the total quantity of water available during the 
year, is probably m(yre than \ of the whole rainfall, the quantity available during 
the dry months of winter is mvjch less than J of the total rainfall. During the cold 
dry months, a great part of the ground of the catchment area must be frozen, and 
a large proportion of the verj' small quantity of " precipitation " must be in the 
form of snow. 



CHAPTER V. 

On Estimating the Storage Capacity Required to be 

Provided. 

Phenomena of Rainfall. — It may be well to begin by- 
noting that the result of observations on rainfall is to show that, 
in many countries with climates otherwise very different, two 
phenomena are repeated with remarkable regularity : — 

(1) It is found that the minimum rainfall for a year is less 
than the mean rainfall by ^, or 33 per cent., whilst the maximum 
rainfall for a year exceeds the mean by ^, or 33 per cent. 

(2) There may be expected to occur, at considerable intervals, 
sets of three consecutive years during which the average yearly 
rainfall is only 80 per cent, of the mean yearly rainfall over a 
number of years. 

An Ideal Reservoir. — It has been stated that when the 
average discharge of a stream equals or is greater than the 
average consumption, a water supply is practicable, by the aid 
of storage reservoirs, even when the minimum discharge is less 
than the average consumption. 

The case of an average discharge and an average consumption 
(including loss by evaporation from the reservoir surface, leakage, 
&c.), absolutely equal to each other, is not one met with in 
practice, although it is hypothetically possible. It would involve 
a reservoir of such dimensions that, when the flow of the stream, 
after the longest possible drought had just come, from the first 
rain, to equal the supply, the reservoir should be exactly empty, 
or empty down to the lowest allowable level ; while on the other 
hand the reservoir must be such that after the greatest possible 
flood it should be exactly full, but should not overflow a drop. 
It is evidently beyond the possibility of human calculation to 
proportion a reservoir that would just fulfil these conditions. 

D 
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If the average discharge exactly equalled the average con- 
sumption, it would be quite possible to make a reservoir so large 
that it would never overflow, so that it would not waste a drop of 
water in this way, and that a stream of varying discharge should 
thus be converted into one of absolutely constant discharge. 
Apart, however, from the fact that in some cases it is advisable 
to let storm water pass the reservoir, on account of the detritus it 
would otherwise deposit, it is never economical to make the 
reservoirs of such a size as to absolutely equalize the flow of 
water. They are always made of such a size that some of the 
storm water will either pass them or cause them to overflow. 
The most that is generally done is to so proportion the reservoir 
that it will equalize the flow during a set of three dry years, when 
the average rainfall is 20 per cent, less than the mean rainfall 
over a number of years, the reservoir, during such three years, 
neither becoming quite empty, nor losing water by overflow. 

Capacity of Reservoirs, how Determined. — It is custo- 
mary to state the capacity of reservoirs in days' consumption. 
Thus if it is said that a reservoir has a capacity of one hundred 
days' consumption, this means, that the reservoir holds, between 
the lowest level at which it is intended the water should be 
drawn off and the edge of the overflow, enough water to supply 
the town for one hundred days, at mean rate of consumption, 
without receiving any additional water. 

Even to secure the averaging mentioned above, it has been 
found necessary occasionally to make reservoirs of a capacity of 
250 days' supply, although 150 to 200 days' is commoner. 

It is evident that the capacity needed is greater, the greater 
the irregularity of the flow, and that it is increased to the maximum 
if a season of maximum demand is just finishing when the season 
of maximum rainfall is beginning. This is the case in some parts 
of the United States of America,* where more water is consumed 
in July, August, and September than during any other months, 
whilst the season of maximum rainfall begins in December. 

The following is a formula by Sir John Hawksley for deter- 
mining the quantity of storage necessary when the mean rainfall 

is known : — 

1000 



c = 



Vr 



♦ Almost the exact opposite holds in Japan, where the greatest rainfall is during 
the warm months, and the cold months are intensely dry. 
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Where 
C = The capacity in terms of one day's average consumption, 
r = The avera^ rainfall during three consecutive dry years = '8 of the mean 
rainfall* 

EmmpU, The mean rainfall is 45 inches. 45 x -8 = 36, therefore 

^ 1000 1000 

C = '-j^ == -g — = 166*6, say 167. That is to say, a storage capacity equal to 

an average consumption for 167 days must be provided. 

It is difficult to see how this formula provides for differences 
in the irregularity of rainfall. It would give, for example, the same 
storage capacity, did the rain fall evenly through the whole year, or 
did it all fall at one rainy season. It has, however, undoubtedly 
been found to apply with approximate accuracy in England. 

Where neither a record for a number of years of the gauging 
of a stream, nor of the rainfall of a district has been kept, it is 
impossible to do much more than guess at the storage capacity 
necessary. When either has been kept, the writer strongly recom- 
mends the simplified graphic method described hereafter. 

If actual gaugings of a stream have been kept for a number of 
years, the matter is comparatively simple, but, as has been said, 
it is the exception to find that such gaugings have been kept. 
When they have not, it is necessary to make an estimation of the 
probable flow of the stream from the rainwater. To do this it is 
assumed that, for any period of time 

d ^=^ a ^ r X c. 
Where 
d = The discharge of the stream during that period of time in cubic feet 
a = The area of the catchment area in square feet. 
r = The rainfall during that period of time in feet. 

c = A co-eflBcient which gives, as a fraction, the total quantity of water that is 
available, that is to say, the total quantity of rain that falls within the catch- 
ment area miniis such as is lost by evaporation, and by absorption, not being 
returned within the catchment area in the form of springs. 

It will be seen that the assumption cannot be taken as correct 
except for long periods of time. We see this distinctly if we con- 
sider that for short periods of time the rainfall is often zero, while 
the discharge of the stream is probably never zero. The error of 

* In the original formula the average rainfall for three consecutive dry years 
was taken as five-sixths of the mean rainfall. A more extended examination of rain- 
fall records shows, however, that the average rainfall for three consecutive dry years 
not infrequently falls to four-fifths of the mean rainfall. In some very few cases it 
has fallen even below this. (See Tables X., XI., and XII. in HennelFs " Hydraulic 
and other Tables," for many details of rainfall records, arranged in such a form that 
a number of useful facts may be deduced from them at a glance. Here we learn, 
for example, that, during the years 1854 — 5, and 6, the average rainfall at Exeter 
was less than | the mean rainfall of that town for fifty-two yearsw) 

D 2 
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one short period of time tends, however, to compensate that of 
others, so that, for the purpose of calculating the storage capacity 
necessary in any particular case, the assumption is safe. The diffi- 
culty lies in getting a fairly accurate value for c. Fanning gives 
the following approximate values for different kinds of ground :* — 

From mountain slopes or steep rocky hills . . , . '8 to '9 

Wooded swampy lands '6 to '8 

Undulating pasture and wood land '5 to '7 

Flat cultivated lands and prairie '45 to '6 

These figures are only intended to be taken as very rough 
approximations, and they are liable to variation even in the case 
of the same catchment area. Thus during dry seasons c is less 
for the same catchment area than during wet seasons. That is to 
say, during dry seasons 2'>^oportionately less of the rainfall is avail- 
able for storage than during wet. The reason of this will be 
evident if it is considered that the total evaporation for any 
season is more nearly a constant than a fixed fraction of the 
rainfall as used to be assumed. 

Again, c will be greater where the rain is in the habit of 
falling violently for short periods of time than when the rainfall 
is spread fairly uniformly over the whole year. This fact, it is 
true, so far as practice is concerned, is likely to be more than 
compensated for by loss of storm water, as explained above.t 

In any case, if it is necessary to assume c from the above 
table the smaller of the two values should always be taken. 

If the stream can be gauged for even a moderately long time, 
a very fair estimate of c can be made on the principle that 

r 
Where 
c is the co-efficient as before ; 

d = the total discharge of the stream, in cubic feet, during the whole period of time ; 
r = the total rainfall, in feet, over the whole catclunent area during the same period 
of time. 

The longer the period during which the observations have 
been made, the more accurate, it may be assumed, is the value 
of c. Could the observations be made during a period of three 
consecutive dry years, the value of c thereby obtained would be a 
very safe one. Even, however, with gaugings extending over a 
few months, a very fair approximation of c may be got, if the 
weather during these gaugings has been fairly typical, and if the 
results of the gaugings be used with intelligence. Thus, if the 
* See Note 3, Appendix If. f See Note 4, Appendix II. 
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weather during the whole of the time has been on the wet side, 
some considerable deduction (say 10 per cent.) should be made. 
Even if the weather has been normal — the average rainfall 
equal to the mean rainfall for a long period, and the rain falling 
at about the usual intervals — a small deduction should be made. 
If the weather has been on the dry side, no deduction need be 
made. No conclusion can be arrived at if the weather has been con- 
tinuously much more wet than usual, or much more dry. It is very 
desirable to let the observations cover a complete year if possible. 

Reservoir Capacity as detei^mined at Nagasaki — The method 
that the writer recommends, c having been estimated, will best 
be illustrated by taking a specific case — the case of Nagasaki. 
Waterworks were designed for this town by Mr. C. Yoshimura, 
these including an impounding reservoir. Some doubt was 
expressed as to the suflBciency of the capacity of the proposed 
reservoir, and the writers advice was asked on the subject in 
1889. Plates T. and II. (Figs. 5 and 6) are copies, on a reduced 
scale, of the diagrams then made to decide what storage capacity 
it was desirable to provide. 

The following are particulars about the works : — It was 
proposed to provide for a population of 60,000 ; the quantity of 
water proposed per head per day was twenty gallons.* It was 
assumed that the consumption would be uniform during the whole 
year, the rains occurring in Japan, and particularly in Kiushu, 
during the hot weather, the cold weather being, for the most part, 
very dry. Of course, such an assumption can in no case be 
absolutely correct, but experience since the waterworks were 
opened has shown that, with an ample allowance for average con- 
sumption, it was a safe one. The catchment area was 865 acres. 

There was a monthly and a daily record of rainfall from the 
beginning of 1879 to the end of 1888. It had been found, by 
gauging of the stream, that f or 6 was a very safe value for c. 
In other words, more than two-thirds of the total rainfall were 
found to be discharged by the stream. 

It was necessary, during one-half of the month of June, and 
the whole of the months of July, August, September, and 
October, to supply water for irrigation at the rate of five-eighths 
of an inch depth in twenty-four hours over an area of about 
twenty-five acres. 

Descmption of the Diagrams. — Beginning at the bottom, the 

♦ These were figures supplied to the writer, not suggested by him, otherwise 
this should have been stated in cubic feet. 
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first two columns need no explanation. The third and fourth 
columns are headed *' Consumption " and *' Rainfall." In a cas^ 
where the diagram is worked out from actual gaugings of th< 
stream for a number of years, these will be in cubic feet, and^ 
indeed, it would be more consistent to state them in cubic feet ii 
any case, the column headed '' Rainfall " being headed '• Dis- 
charge," and discharge being taken as the total rainfall over th^ 
catchment area x c. In practice this involves much trouble, ai 
it is necessary to multiply, for each month, a large figure (the 
catchment area in square feet) by an odd fraction (the rainfall in 
parts of a foot), and then by c. 

To save this trouble the figures in the '* Consumption " column 
are taken as the depth of rainfall that would he necessary to 2^^^ovide 
this sitpphj. This is got as follows : — 

r= '^ 
axe 

Where 

r = the rainfall in one day that would be necessary, allowing for loss by 

evaporation and absorption, to supply the consumption for one day ; 

q = the actual consumption of water for one day ; 

a = the area of the catchment basin ; 

c = the coefficient of total rainfall available. 

Thus it was found that a rainfall of '102 inch per day would 
be sufficient to provide the necessary supply of water for the town 
consumption alone. 

It was found that, when water had to be provided for irriga- 
tion, as mentioned above, a rainfall of '126 inch per day would be 
sufficient for both the town supply and what the farmers needed. 
The monthly requirements were found by multiplying these 
figures by 28, 29, 30, or 31, according to the number of days in 
the several months of the year. 

The fifth column gives the difference between the rainfall 
necessary to supply water for any one month and the actual 
rainfall. In other words, it is the algebraical sum of the third 
and the fourth columns, taking the figures in the third column as 
minus quantities, those in the fourth as plus. 

The sixth column gives, at any place, the algebraical sum of 
all the figures in the fifth column up to that place. 

The curve is constructed by drawing ordinates, to any con- ^ Stor^qe 
venient scale, in accordance with the figures in the sixth column. 

The resulting curve shows, at a glance, what would have been 
the conditions of a reservoir at any time during the years covered 
by the investigation. The rising of the curve shows that a 
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reservoir would have been filling or overflowing ; the falling curve 
shows that it would have been becoming more and more nearly 
empty. 

The depth of any depression is a direct measure of the 
minimum necessary capacity of the reservoir. 

It will be seen how regularly there have been depressions in 
the winter months. It will be seen that the depression lasting from 
the beginning of November, 1887, to the end of March, 1888, 
is a good deal greater than any other. It is found to corre- 
spond with a little over forty-four days' supply. That is to say, 
according to this graphic solution the reservoir would need to 
hold a minimum of somewhat over 60,000 x 20 x 44 = 
52,800,000 gallons. 

The results of the monthly curve are only approximate. On 
the assumption that all the rain fell during one short period of 
time every month, and that a similar time, say the first, or the 
middle, or the last day of the month, the results would be quite 
exact ; but of course no such conditions are met with. The rain 
is spread more or less unevenly over each month. It is just con- 
ceivable, for example, that, in the particular case we have before 
us, the whole of the rain of October had fallen on the first day of 
that month, and the whole of the rain of February had fallen on 
the last day. It is evident that, on this assumption, the depres- 
sion would be much deeper than it is shown. In fact, it would be 
as deep as is shown in the dotted Unes, or fully 50 per cent, deeper 
than the actual curve. 

To get over this probable error, a curve should be worked out 
from the daily rainfalls for the deepest depression, or for several 
if there are several nearly equally deep. 

Plate II. shows the result of working out the depression 
corresponding to the months from October 22nd, 1887, to March 
28th, 1888, from the daily rainfall record ; and it will be seen that 
the necessity is made evident for considerably more storage than 
was indicated by working out from the monthly records. In fact, 
a storage capacity for a consumption of over fifty-two days is 
indicated. 

Estimation of Contingencies. — There are various reasons 
why, even when such a result as this is got, it is necessary to 
make a considerable addition to cover contingencies. Thus (1) it 
is never desirable to entirely empty reservoirs except for cleaning 
out or for repairs that cannot be done with the reservoir full. 
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Reservoirs should be so proportioned that they contain 10 to 1 5 
per cent, of their water when they are reduced to the lowest. 

(2) The results of the graphic method cannot be taken asr 
other than approximate unless the rainfall record extends over a 
very considerable time, as there can be no certainty, if it extenda 
over only a few years, that as long a spell of dry weather as iB 
ever likely to occur is included within the time. If we have » 
record of forty to fifty years or longer to go upon, it is necessarj^ 
to add only a small percentage on this account. If the record 
extends, say over only eight to twelve years, and we have nox 
definite information that this time included a long spell of 
unusually dry weather, it is necessary to add a very considerable 
percentage. 

(3) There is some loss from evaporation from the surface of 
the water in the reservoir. This cannot be even approximately 
estimated, as it varies not only with the climate but with the 
depth of water in the reservoir — with which, of course, varies the 
surface area. It is, fortunately, least when the water-level is 
lowest. It may amount to an equivalent of twenty inches over 
the mean surface area of the reservoir, or may be more or less. 
There is reason to believe that, in the case of climates in which 
hot weather is very damp, water is condensed on the surfaces 
of reservoirs with a rising thermometer. The writer has some- 
times known weather during which, if water were taken from a 
reservoir and were poured into a bottle, the sides would imme- 
diately become bedewed, and water would be condensed to such 
an extent as even to trickle down them, before the temperature 
of the water within the bottle rose to that of the air outside. 
It is certain that, during such times, water is condensing over r^ 
the whole surface of the reservoir to a very appreciable extent. 
It is quite conceivable that reservoirs, natural or otherwise, fed 
with very cold water, such as that from glacier streams, rather 
gain water by condensation than lose it by evaporation. 

(4) A certain amount of leakage or percolation has to be 
anticipated. With careful work it should be reduced to a very 
small percentage, but there is probably always a little. 

Taking all this into consideration, it may be said that 30 to 40 jX. 
per cent, should be added to the estimated capacity of the reser- \^^ 
voir according as the time over which rain-water records extend 
has been short or long. 

In the case for which the diagrams on Plates I. and II. were 
prepared it will be seen that it was found that a minimum capacity 
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of somewhat over fifty-two days' consumption would have been 
necessary to cover the winter of 1887-88. The capacity that had 
been proposed was one for sixty-five days. It was thought 
advisable in this case to add 40 per cent, to the estimated capacity, 
the rainfall record extending over only ten years. The capacity 
of the reservoir was increased to one of about seventy -five days' 
consumption by excavating all the material for the dam from the 
site of it. This is just about 40 per cent, more than the estimated 
quantity. So far as experience goes this allowance has been quite 
ample. 

The lower shaded portion of the diagram in Plate I. shows 
what would have been the condition of a reservoir of the size first 
proposed during the years 1879 to 1888 inclusive. Where the line 
is horizontal it indicates that the reservoir would have been full or 
full and overflowing. A falling line indicates emptying of the 
reservoir; a rising one, filling. The distance of the line above the 
axis of the curve — that is to say, the length of an ordinate at any 
place — is a direct measure of the quantity of water that there 
would have been in the reservoir at the time corresponding to the 
ordinate. 



CHAPTER VI. 

Classification of Waterworks. 

Waterworks are generally classified into Gravitation Works 
and Pumping Works. 

In gravitation works the pressure in the mains is that due to 
gravitation alone. In pumping works the pressure may be due 
directly to gravity, enough w^ater being stored in a high-level 
reservoir to compensate for the fluctuation in consumption during 
the twenty-four hours, but this water has been pumped into the 
reservoir from a comparatively low level. In other cases, the 
water is pumped from a low-level reservoir directly into air 
vessels or " stand-pipes " acting as small accumulators to prevent 
undue shock or " ramming " in the mains. 

The pumps are nearly always actuated by steam. In some 
few cases they are actuated by water power, especially when the 
works are on a very small scale, in which case the hydraulic ram 
may often be used. 

Gravitation works to be complete must consist of (1) either a 
high-level impounding reservoir, or a high-level intake with a 
settling reservoir ; (2) filter beds ; (3) a service reservoir near the 
impounding or settling reservoir, or, if there is high land con- 
veniently situated, a reservoir as near as possible to the town or 
within it, or one or more high-level tanks within the town ; (4) a 
distribution system. 

A pumping system may consist of: — A. (1) a comparatively 
low-level intake ; (2) one or more settling reservoirs ; (3) a set of 
filter beds ; (4) a pumping station, with (5) a high-level reservoir 
or tank near or within the town, holding enough water to com- 
pensate for the inequality of the consumption during twenty-four 
hours ; (6) a distribution system. 

B. Where there is no high land for a high-level reserv^oir, and 
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a high-level tank on an artificial support to hold enough water to 
compensate for the variation in consumption during twenty-four 
hours is considered impracticable — (1) a comparatively low-level 
intake ; (2) one or more settling reservoirs ; (3) a set of filter 
beds ; (4) a low-level service reservoir ; (5) a pumping station with 
engines pumping directly into (6) a distribution system. 

C. Where the intake is so low that the water will not gravitate 
to any convenient place for settling reservoirs and filtering beds, 
and there is room for these only on the low ground — (1) a low- 
level intake; (2) an intake pumping station, with engines pumping 
into (3) one or more settling reservoirs ; (4) a set of filter beds ; 
(5) main pumping station, with engines pumping into (6) a high- 
level reservoir or a tank on a high artificial support ; and (7) a 
distribution system. 

D. The same as before up to (5), but (5) a low-level service 
reservoir ; (6) pumping station with engines pumping directly into 
(7) a distribution system. 

The last case, as that of B, occurs when there is no natural 
site for a high-level reservoir, and where the high-level tank of 
sufficient size on an artificial support would be too expensive, or is, 
for any other reason, impracticable. 

Various combinations of these systems, or modifications of 
them, are met with in practice. 

Plates III., IV., and V. (Figs. 7 to 12) are intended to show 
diagrammatically some of the forms of gravitation and pumping 
systems that are met with. The letters refer to the following 
terms : — 

I. R. Impounding reservoir. 

W. T. Water tower. 

D. Dam. 

F. B. Filter beds. 

C. W. R. Clear water reservoir or service reservoir. 

D. 8. Distribution system. 

S. R. Settling reservoir or reservoirs. 

R. River, stream, or lake. In every case supposed to show low-water level. 

P. S. Pumping station. 

P. W. Pumping well. 

I. P. 8. Intake pumping station. 

It is to be understood that no attempt has been made to keep 
to scale. The illustrations are of an entirely diagrammatic 
nature. They very nearly explain themselves, but a few words 
may be said of each. 

In the first place attention is drawn to the difference between 
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the systems illustrated in Fig. 7 and Fig. 8. It will be seen 
that the only difference is that, whereas in the case illustrated 
by Fig. 8 there has been, within the town, a position suitable 
for a service reservoir, in the case of Fig. 7 there has been no 
such position, and the service reservoir has had to be made close 
to the impounding reservoir. It might seem that it would make 
but little difference which arrangement was adopted. There is, 
however, a very considerable difference. In the case illustrated 
by Fig. 7 the main must be able to carry the maximum quantity 
of water consumed at any part of any day of the year. In 
other words, it must be able to carry at least twice the mean 
supply. In the case illustrated by Fig. 8, the main need only 
be able to carry the maximum daily supply — that is to say, not 
more than the mean supply x 1*5. In this case the dis- 
tribution system only has to carry the very maximum. The 
distribution system must always be capable of carrying the very 
maximum consumption.* 

In both these cases, had the minimum discharge of the stream 
been capable of supplying the necessary quantity of water, instead 
of an impounding reservoir there would have been a high-level 
intake and a settling reservoir. 

The difference between the cases illustrated by Figs. 9 and 10 
is nearly the same as that between those illustrated by Figs. 7 
and 8, except that it applies to the pumping engines instead of 
to the mains. 

In the case illustrated by Fig. 7, the engines need only be 
capable of pumping the maximum daily supply, or the mean 
supply X 1*5; those illustrated by Fig. 10 must be capable 
of pumping the very maximum needed at any time — that is to say, 
at least the mean supply x 2.t 

It is to be observed that, in the case illustrated by Fig. 9, 
the pumping station might be anywhere between the filter beds 
and the position in which it is shown according to the configura- 
tion of the land. It is, in fact, probably more nearly found near 
the filter beds than in any other position. 

In the case illustrated by Fig. 10 it is advisable to have the 
clean water reservoir and the pumping station as near together 
as possible, because the pipe between the clean water reservoir 

♦ Fig. 7 illustrates the case of the Nagasaki waterworks in Japan; Fig. 8 that 
of the proposed Shimonoseki works. 

t Fig. 9 illustrates the proposed Fukwoka waterworks in Japan; Fig. 10 those 
proposed for Okayama. 
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and the pumping well must be capable of carrying the very- 
maximum of water that is needed, but there may be cases 
where they have to be some distance apart. 

The same may be said of the case illustrated by Fig. 1 1 as 
of that illustrated by Fig. 9. The pumping station might be 
anywhere between the place where it is shown and the site of 
the filter beds.* 

In the case illustrated here, the main pumping engines need 
only be able to do work at the maximum daily rate — that 
is to say, at the mean rate x 1*5. The intake pumping 
engines need hardly be able to do this, as it seldom happens for 
more than a day or two together that the daily consump- 
tion keeps up even nearly to the mean consumption x 1*5, 
and the settling reservoirs hold, as a rule, two or three days' 
supply, some of which can, as settling reservoirs are generally 
arranged, be used up in case of emergency. Still it is safer to 
make these engines capable of doing the maximum daily work. 
This is apart from " stand by," which will be treated of hereafter. 
In the case illustrated by Fig. 11, the main pumping engines 
must be capable of doing the very maximum work, that is to 
say, at least twice the mean work. This ought to be without 
using the " stand by " engine or engines, but often these are used 
whenever the demand is unusually high. 

The same may be said of the intake pumping engines in the 
case illustrated by Fig. 12 as of those in the case illustrated by 
Fig. 11. 

* If the pumping station were shown close to the filter beds, this figure would 
illustrate the waterworks for Osaka, Japan, at present (1894) in progress. 



CHAPTER VII. 

Impounding Reservoirs. 

General Considerations. — If it is decided that it is 
desirable, in any particular case, to store water to supplement 
the supply during the dry seasons of the year — that is to say, if a 
deep- well supply be out of the question, and there are no streams 
of pure water at a convenient distance whose minimum discharge 
is sufficient for a supply — it is necessary to search for a site for an 
impounding reservoir, often for sites for several such reservoirs. 

It is generally in a position high among valleys that suitable 
sites for impounding reservoirs are to be sought. Indeed one of 
the compensating advantages for the great expense of constructing 




Fig. 13. — Contour of sides of valley forming site for reservoir. 

impounding reservoirs is commonly that water can be got from 
them at sufficient pressure by gravitation. There are, however, 
cases where water, even from impounding reservoirs, has to be 
pumped to get sufficient pressure.^' It need scarcely be said that, 
in searching for reservoir sites, any maps of the district that are 
available should be made use of If there has been a complete 
survey of the ground, contour lines being inserted in the maps, 
the labour of the work will be greatly lessened. 

The best site for a reservoir is one where a valley widens out 

* In Japan this is the case in tlie proposed Moji waterworks. 
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into a flat bottom bounded by steep sides, the sides coming close 
together, forming a contraction just below this flat bed. Thus 
the contour lines in Fig. 13 indicate a likely site for a reservoir. 

The writer has noticed, both from the study of descriptions 
of work executed, and from his own practice in searching for 
probable sites for reservoirs, how commonly such a formation 
occurs just where two streams meet, a contraction of the valley 
occurring a little down stream from the junction. It, therefore, 
very often happens that impounding reservoirs are bifurcated. '''^ 
The following contour lines (Fig. 14) indicate a likely site for a 
reservoir of this kind. 

It will be understood, of course, that no impounding resei-voir 
can be constructed unless there is an impervious bed under the 




Fig. 14. — Contour of sides of valley (with meeting streams) forming site for reservoir. 



site of it. Such an impervious bed is almost always to be found 
at a sufficient depth, but the depth may be so great as to make 
the construction of a dam — which must penetrate to the 
impervious stratum — impracticable. It has, in some cases, been 
considered advisable to construct dams where the watertight 
portion of them had to penetrate through as much as 100 feet 
of superficial porous material. 

Preliminary Works. — A likely site for an impounding 
reservoir having been found, the following works are necessary : — 

(1) Trial borings over the whole site of the proposed reser- 
voir. These are particularly necessary along the site of the 
proposed dam as, on the results of them, depend not only the 
dimensions of the structure, but the material to be selected. 

* The Nagasaki reservoir in Japan is bifiircated. So are the proposed reservoirs 
for Shimonoseki and for Moji. Some time ago the writer, in searching for a probable 
site for impounding water for a certain town, found three likely sites of nearly equal 
suitability, in each case at the junction of two streams. 
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Great trouble has arisen when it has been found, after work 
had begun, that the porous soil penetrated at places to a much 
greater depth than had been supposed. 

(2) A number of trial pits, exposing the surface of the 
supposed impervious bed, so that it may actually be seen and 
examined. 

(3) Levels must be taken along the valley Une, from the sea, 
or from some known datum at least as low as the lowest part of 
the to\^Ti to be supplied. The pipe line will very commonly 
nearly coincide with the valley line. 

(4) A survey, giving the limits of th^ catchment area. It is 
to be noted that the catchment area is nearly always bounded by 
the ridge lines of the surrounding hills. It may happen, however, 
in the case of nearly flat table lands, that the water is (in part at 
least) drained in a direction opposite to what would be expected, 
oblique porous strata carrying it in a direction opposite to that of 
the slope of the nearly flat ground. Such cases very rarely occur, 
however, and it is common practice to assume that the catchment 
area is bounded by the ridge lines of the surrounding hills or 
mountains. 

(5) A careful and minute survey of the proposed site of the 
reservoir must be made, putting in contour lines at intervals of 
about 2 or 3 feet to a height above the greatest contemplated 
high-water level of the reservoir. 

Of course, if the country has been accurately surveyed before, 
works nos. 3 and 4 need not be done afresh. The catchment 
area may be measured, by the planimeter or otherwise, from the 
maps. 

In the case of country that has not been accurately surveyed, 
contour lines not being given, a good aneroid barometer is of 
much use; but, to get results even approximately correct, it is 
necessary that the fluctuation of a barometer at the sea level, if 
that is near, or at the place to which it is proposed to lead the 
water, be observed whilst the engineer is making his preUminary 
survey ; otherwise his results are likely to be put entirely out by 
fluctuation of atmospheric pressure. 

Depth of the Reservoir. — It is necessary, at this stage 
in the proceedings, to decide what depth of reservoir will be 
necessary. 

The mean depth of reservoii-s is roughly from somewhat less 
than one-third of the greatest depth to somewhat less than two- 
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thirds. If the sides of the valley slope rapidly and evenly to the 
stream and the stream itself slopes rapidly, the mean depth will 
be at the minimum as compared with the greatest depth. If the 
reservoir consists of a nearly flat bottom bounded by steep sides, 
the mean depth will be at a maximum as compared with the 
greatest depth. The two cuts here given (Figs. 15 and 16), show 
types of the two cases. 

A knowledge of the above fact makes it possible, a few 





Fig. 15. — JJiagram illustrating mean depth of leservoir with sloping side. 





Fig. 16. — Diagram illustrating mean depth of reservoir with steep sides. 

contour lines having been run, to decide very roughly what need 
be the size of the reservoir, and what its greatest depth. 

The following very useful and interesting table is taken from 
" Water Engineering," by Charles Slagg : * 



No. 


Batio. 


No. 


Ratio. 


No. 


Batio. 


No. 


Batio. 


1 


•612 


20 


•490 


39 


•452 


58 


•400 


2 


•583 


21 


•487 


40 


•450 


69 


•400 


3 


•580 


22 


•485 


41 


•450 


60 


•400 


4 


•572 


23 


•473 


42 


•447 


61 


•400 


5 


•560 


24 


•468 


43 


•435 


62 


•400 


6 


•543 


25 


•468 


44 


•431 


63 


•496 


7 


•537 


26 


•468 


45 


•427 


64 


•495 


8 


•528 


27 


•466 


46 


•422 


65 


•494 


9 


•526 


28 


•466 


47 


•420 


66 


•380 


10 


•526 


29 


•465 


48 


•420 


67 


•376 


11 


•515 


30 


•464 


49 


•420 


08 


•350 


12 


•515 


31 


•463 


50 


•420 


69 


•350 


13 


•514 


32 


•462 


51 


•420 


70 


•345 


14 


•510 


33 


•460 


52 


•420 


71 


•340 


15 


•504 


34 


•460 


53 


•417 


72 


•340 


16 


•500 


35 


•460 


54 


•407 


73 


•336 1 


17 


•600 


36 


•460 


55 


•407 


74 


•320 


18 


•496 


37 


•458 


56 


•405 


75 


•281 


19 


•496 


38 


•455 


57 


•400 







Londou : Crosby Lockwood and Sou. 
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This table is the result of an examination of the dimensions of 
75 reservoirs actually in existence. Here " ratio " is mean depth 
^ maximimi depth. It will be seen that the mean depth of most 
reservoirs is less than one-half their maximum depth, and that the 
average mean depth is less than half the maximum mean depth. 

To get the depth and size of the reservoir much more exactly, 
we proceed as follows : — 

Let d = the depth of the bottom of the reservoir below the 
lowest contour line within the reservoir area. 

Let di = the vertical distance between contour lines. 

Let ctj, 02, «3, a4, &c. = the area enclosed by the first contour 
line, the area enclosed by the second contour line, the area 




Fig. 17. — Diagram illustrating method for determining necessary depth of reservoir. 

enclosed by the third contour line, the area enclosed by the 
fourth contour line, &c. 

It is assumed that the capacity below the first contour 

line = - >^«; that the capacity between the first and second 
contour lines = ^^-^—^ xd; that the capacity between the second 
and third contour lines = — ^ — ' ^ ^' *hat the capacity between 

the third and the fourth contour lines = — -^ * ^d; and so on. 

It will be best to take the depths in feet, and the areas 
in square feet. The results will then be in cubic feet. The 
results are added together till the required capacity is reached, 
when we know the necessary depth of water in the reservoir. 

This method gives a slight error on the side of safety — that 
is to say, the capacity of the reservoir is likely to be a little 
greater than that estimated in this way. 

The only assumption here made is that the space in the 
accompanying illustration (Fig. 17) enclosed by the straight and 
the curved lines — the straight line representing the surface of the 
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water and the curved line a cross section of the reservoir — is equal 
to the space enclosed by the same straight hne and the stepped 
lines. If the curve is continuously concave towards the straight 
line — representing the usual form of the sections of reservoirs — 
the area enclosed by it and the straight line will be somewhat 
more than that enclosed by the straight line and the stepped lines. 

Some engineers go to the trouble of checking the results thus 
got by taking out the areas of vertical sections, sometimes taking 
the sections as close as a foot from each other. The writer cannot 
see the necessity of this — unless it is simply to check the arith- 
metic — as the results will be scarcely any more exact than by the 
method described, unless the data are more elaborate, and then 
the results would be improved by the other method also. 

The depth of the water of course decides the height of the dam. 

Material of Dam. — At least an approximate knowledge 
of the necessary height of the dam must be gained before material 
and form can be finally decided on. 

Dams are of two kinds — earthen dams, and masonry or 
concrete dams. 

Earthen dams are far the commonest, and in most cases 
the cheapest. They have the advantage that they can be 
founded on any impervious stratum — clay, gravel and clay 
mixed, &c. Their disadvantage is that, unless they are very 
carefully made, water is apt to penetrate them, when the initial 
aperture will probably be rapidly enlarged by the rush of water, 
and the dam will be quickly burst ; or, if the water overtops the 
dam during times of flood, it will begin to cut it away, when the 
rapidly increasing flow of water will lead to the total destruction 
of the dam. In any one of these cases, the results are likely 
to be disastrous, the whole volume of an artificial lake beinsr 
suddenly sent rushing down the valley, sweeping everything before 
it. It is only necessary to mention the destruction of Johnstown, 
U.S.A., in 1890, by the bursting of the earthen dam in the valley 
above it, to enforce these considerations. 

Masonry dams. — These are generally admitted to be superior to 
earthen dams when they can be founded on solid rock, but they 
are not suitable for soft foundations, however impervious. It is 
true that it needs quite as much care to make them water-tight as 
earthen dams, but the result of a leakage in a masonry dam is 
not so disastrous as in the case of an earthen dam, as the opening 
made does not tend to rapidly increase itself. Moreover, no harm 

E 2 



52 THE WATER SUPPLY OF TOWNS, 

need result if the water overtops the dam. In fact, in the case of 
the largest reservoir in England, or indeed in Europe, to be 
mentioned hereafter, the dam acts as its own by- wash, the water 
simply flowing over the top of it in flood-time. 

As might be expected, the question as between earthwork and 
masonry dams is chiefly one of expense. Where suitable stone 
can be got in sufficient quantity, a masonry dam need not cost 
much more than an earthen one, especially if the clay for the 
puddle of the latter have to be brought from a considerable dis- 
tance. In this case, if the foundation be suitable, a masonry dam 
would generally be preferred. 



CHAPTER VIll. 

Earthwork Dams. 

Order of Construction. — In most cases the works relating 
to the construction of earthen dams may be classified as follows. 
The order is as nearly as possible that of the actual progress, 
but in practice circumstances will often occur to alter the order, 
and with some works progress may be made concurrently : — 

(1) The removal of the surface vegetable soil, generally 
extending to a depth of a foot or two. 

(2) The excavation of a puddle trench passing through all 
pervious strata into the impervious bed below. 

(3) The excavation of a trench or tunnel afterwards to be 
used as a gallery to hold one or more pipes to draw the water 
from the masonry. 

(4) The filUng, if the impervious stratum be of rock, of all 
fissures that there may be in the bottom or sides of the puddle 
trench with fine rich cement concrete, and the filling up of the 
trench with puddle in thin layers to the ground level. 

(5) The building of the dam by continuing the puddle wall 
upwards, still in thin layers of puddle, whilst at the same time 
earth is laid at each side of it to make the body of the dam, this 
earth being generally laid in thicker layers than those of the puddle 
wall. 

(6) Covering the inner face of the dam with stone pitching. 

(7) Covering the outer face, and the top, if the latter is not to 
be used as a road, with turf. 

(8) The construction of arrangements for regulating the flow 
of water from the reservoir, consisting generally of (a) a water- 
tower or valve tower within the reservoir, or at any rate within 
the puddle wall ; (b) the gallery above mentioned, generally with 
one or more pipes in it for drawing off the water ; and (c) a valve 
house at the end of this gallery — that is to say, at the outer toe of 
the dam, for controUing the discharge of the water. 

(9) The construction of a by -wash, waste-weir, or overflow, to 
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allow of the discharge of surplus water without over-topping the 
dam. 

(10) The construction of works at the head of the reservoir 
for preventing silting up. 

(11) The burning of all vegetable matter on the site of the 
reservoir before the water is allowed to rise. 

Form of Section of Earthwork Dam.— Plate VI. (Fig. 
18) shows a section of an earthwork dam reduced to the simplest 
form possible. 

There is no question of the stability of an earthen dam as a 
whole — that is to say, of its resisting an overturning moment 
by its weight, the slope of the inner face being of necessity such 
that the vertical thrust of the water is much greater than the 
horizontal. The slopes are determined by the angle of repose of 
the material of which the dam is made, a considerable allowance 
being made for the sake of safety. The slope on the inner side is 
made less than that on the outer or lower side because, on the 
inner side, the earth becomes saturated with water, and the angle 
of repose is reduced in spite of the stone pitching. Even supposing 
the inner slope of an earthen dam to become so saturated with 
water, that the whole hydrostatic pressure due to the head of the 
water may be considered as acting directly on the inner face of the 
puddle wall, there need be no question of the stability if the outer 
slope of the dam be in accordance with English practice. 

The proportions given here may be said to be English standard 
proportions. Dams are often made slighter than is shown in the 
plate, particularly in America, but it does not seem advisable to. 
resort to a lighter section, although it must be admitted that, in 
the case of most failures of dams it does not seem as if the failure 
would have been permanently averted had greater thickness or 
smaller slope been adopted, unless certain other mistakes had also 
been corrected. In England, the slopes are often made even 
slighter than those shown on Plate VI. 

Thickness of the Puddle Wall. — The puddle wall is shown 
with a thickness of eight feet at the top. There is no means of 
theoretically investigating the thickness of a puddle wall, and the 
only course is to depend on judgment and the results of past 
practice. Dams have been constructed with puddle walls thinner 
at the top than this, but the practice is not to be recommended. 
They have been made with walls much thicker too, but it is not 
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evident that any benefit has resulted from the additional 
thickness. 

Puddle walls may have any batten from one to two inches to 
the foot above the trench, but should nowhere be less in thickness 
than one-third the depth of water above them at flood time. 

Through the pervious strata the puddle wall may have parallel 
vertical sides. The depth of the puddle trench in the impervious 
bed may equal the breadth of the bottom of the puddle wall. 

Thickness of Selected Material. — It is common to sort the 
material that the body of the dam is to be made of, and to build up 




Fig. 19.— Cross-pection of puddle trench. 



the less pervious next the puddle wall, placing the heaviest 
material next the outer or lower slope. The thickness of the 
selected material may be the same horizontally as that of the 
puddle wall at all heights, or the thickness at the top may be 
made (say) four feet, and slopes of one vertical to one horizontal 
may be given. 

The Removal of Surface Vegetable Soil. — This must 
include removal of tree roots and the like,' even if they go deeper 
than the foot or two mentioned above. There is no object in leav- 
ing the ground very smooth. In fact, probably it is better to 
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leave it rough. The whole idea of an earthwork dam is that it 
should be in perfect unity with the ground it is founded on. 

The Puddle Trench. — The breadth and depth of the puddle 
trench have been given above. The shape of cross-sections varies 
considerably in the designs of different engineers. In the hands 
of some it is made a square ; in the hands of others it has the 
form shown in Fig. 19 ; in others, that shown in Fig. 20. 

The idea in adopting the former of these two sections is that 
there is less likeUhood of water leaking under the puddle if it has 




Fig. 20.~ Cross-section of puddle trench (another form). 

to pass a number of right angles than if it has to pass two only. 
This idea is probably more fanciful than anything else. The 
second section saves both puddle and excavation, and there appears 
to be no objection to it. 

If springs be met with in excavating the puddle trench, pipes 
must be laid to carry the water to discharge at the toe of the 
outer slope of the dam. 

The tunnel or trench that is afterwards to hold the culvert for 
the discharge pipes from the valve tower is a part of the work that 
needs considerable attention. At one time it was the custom to 
draw off water by cast-iron pipes sometimes laid in the dam, the 
discharge of the water being entirely regulated at the outer end of 
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the pipe. This arrangement was faulty as, in case of any leakage 
from a pipe always of necessity under pressure, the water was 
liable to pass through the dam, weakening it till it idtimately failed ; 
or, if the pipes went through the made part of the dam water was 
liable to creep along their sides with the like disastrous results. 

It was for this reason that water or valve towers were first 
designed, and that it was made a rule that the culverts from them 
should be founded on the solid ground. The water was admitted 
to the culvert by valves placed at different heights on the tower, 
connected with apertures penetrating its sides. Thus the water 
was under no hydrostatic pressure in the culvert which was always 
in compression. 

It is now generally considered advisable to allow the culvert to 
act merely as a gallery in which are one or more cast-iron pipes, 
which are thus open to inspection and repairs. These pipes may 
be under pressure or not, according as it is considered advisable to 
regulate the discharge of water at a valve house at the toe of the 
dam, leaving a valve of the tower full open, or to regulate the flow 
at the tower by partly opening a valve, the water being allowed 
to escape freely at the toe of the outer slope of the dam, for 
immediate filtration or for delivery as compensation water. 

Whether the culvert will be built in a trench passing under the 
dam, or shall form a tunnel passing the dam at one end, will depend 
on circumstances. If the valve tower is to be founded in the 
deepest part of the reservoir, as is common in the case of small 
reservoirs, the culvert will generally be built in a trench. There 
is the advantage that, the culvert being made large enough to 
carry off flood water, it may serve to carry the stream during the 
construction of the dam. 

Where the culvert crosses the puddle trench, this latter should 
be filled in with cement concrete from the bottom to the culvert. 

In the case of very deep reservoirs it is generally an object to 
keep the foundation of the valve tower at some height above the 
very lowest part of the reservoir. This may be done, without 
making it impossible to draw the reservoir to the bottom, should 
that ever become necessary, as the water may be syphoned from 
the deepest part of the reservoir. The utmost limit to which 
water can be syphoned is within thirty-four feet. In practice it is 
very troublesome to syphon it for more than twenty-eight feet, 
and it is inadvisable to fix syphons intended to draw more than 
twenty-five feet ; but the base of the water tower may be placed 
at such a height towards one side of the deepest part of the 
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reservoir, that a syphon passing through it to the culvert will be 
anything up to twenty-eight feet above the bottom of the deepest 
part of the reservoir. Figs. 21 and 22 show the two positions of 
valve tower described. 

With the tower in the position shown in Fig. 22, it may be eon- 




Fig. 21. — Position of valve tower with culvert in trench. 



venient, especially if the valley be greatly contracted at the site of 
the dam, to make a tunnel, which may be short and often straight, 
through the solid ground, passing under the dam where the latter 




Fig. 22. — Position of valve tower with tunnel under dam. 

is comparatively low. Sometimes the tunnel may, with advantage, 
be driven to a parallel valley through the intervening hill. 

Various sections of culverts and tunnels are given on 
Plate VII. (Figs. 23 to 28). 

The Puddle Wall. — It is customary to make the bottom of 
the puddle trench in the form of a series of steps, in longitudinal 



EARTHWORK DAMS, 59 

section, rather than to make it parallel with the surface of the 
land. This will be seen on Plate VIII. 

The puddle may be all clay, or gravel (well screened) may be 
added in any proportion up to one part of gravel to one of clay. 
Whatever proportion be adopted, the whole must be thoroughly 
mixed and worked up with just enough water to make a dense 
doughy mass. The puddle is laid in thin layers, as already indicated. 
It is common to specify that these be not more than six inches 
thick. Each layer must be thoroughly punned, and it should not be 
allowed to get dry on the surface before the next one is laid on it. 
The surface should not be made smooth, but should be left rough, 
so that the next layer will bond in with it. 

It should be borne in mind that, although the wall is con- 
structed in layers, the object is to make it into one solid mass. 

Selected Material. — This may be laid in somewhat thicker 
layers than the puddle, but the layers should never exceed two 
feet in thickness, and it is not uncommon to specify that this 
material also be laid in layers of only six inches. The layers are 
better not laid level, but sloping towards the puddle wall. Nearly 
as much care should be taken in laying the selected material as in 
making the puddle wall, and it should all be thoroughly incorpo- 
rated by punning. 

The Body of the Dam. — Less care is generally devoted to 
the rest of the earthwork; but it should always be borne in mind, 
in connection with the dams of impounding reservoirs, that too 
much care can nowhere be taken, and this especially in the case of 
the puddle wall and all that lies between it and the impounded 
water. The heaviest material should be placed towards the lower 
slope. 

The stone pitching may, with advantage, be about eighteen 
inches thick, and may lie on the like thickness of broken stones. 

The Valve Tower. — The object of the valve tower is to 
allow water to be drawn from any one of a number of diflferent 
levels, the reason being that water in an impounding reservoir is 
at its best a few feet below the surface. At its lower depths 
it may contain much suspended matter. At the surface it 
contains floating matter, and is liable to be warmed by the 
Sim's rays. 

A valve tower ought also to permit of examination of all the 
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valves at any time, and of repairs to them if necessary, without 
stopping the flow of the water even for the shortest time. It may 
not be possible absolutely to secure this state of aflairs for all con- 
ditions of the reservoir, but it will presently be seen that it is 
possible to secure them for nearly all. 

The valve tower may be situated entirely within the reservoir, 
founded on its bottom, or it may pass through the inner slope of 
the reservoir anywhere within the puddle wall. In the latter case 
the pipes leading from the reservoir to the tower have to pass for 
a greater or less length through the material of the dam, accord- 
ing to their height from the bottom, and according to the distance 
of the tower from the puddle wall. This makes it comparatively 
troublesome to gain access to the ends of these pipes in case they 
have to be closed for the repair of the corresponding sluice valves 
within. For this reason it is generally advisable to construct the 
valve tower at the toe of the inner slope, a light foot-bridge con- 
necting its top with that of the dam. 

There are various descriptions of valve towers. Thus in some 
the water stands, within the tower, at the level of that in the 
reservoir, and the discharge of the water is controlled by a valve 
at the foot of the tower communicating with the culvert. With 
this arrangement it is possible to get at the valves below the level 
of the water, only by closing all openings between the reservoir 
and the inside of the tower and by letting off* the water, the 
supply being, for the time, stopped. In other cases the water is 
allowed to flow into the valve tower by any of the valves, but is 
allowed to escape freely at the bottom by the culvert, thus not 
standing at the level of the reservoir water. This is some 
improvement, but still does not give free access to any valve at 
all times. 

In yet another arrangement the tower is divided by a vertical 
partition into a " wet well " and a '* dry well." In the former the 
water stands at the level of the reservoir. Through the partition 
there pass pipes at different heights, and opposite each is an open- 
ing from the wet well to the reservoir. From each opening through 
the partition a pipe, provided with a third valve, is carried to the 
culvert. There is provision for closing the openings in the parti- 
tion from the wet well side. It is thus possible to get at any 
valve at all times for inspection or repair ; but this arrangement 
is a very expensive one. In the event of the lowest valve needing 
repair whilst the water lies low, the discharge would have to be 
stopped for a little time. 
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There is one form of valve tower that has so much the advan- 
tage over others — in allowing perfect freedom of inspection at all 
times, in permitting of the repair of any valve under nearly all 
circumstances, and in simplicity of construction —that in the 
writer 8 opinion it is to be preferred to all others. 

In a valve tower so constructed the water is drawn through 
the tower at different heights by pipes connected directly with a 
stand pipe, there being a sluice valve on each such pipe carrying 
water from the reservoir to the stand pipe, and also a means of 
closing the opening from outside the tower, the stand pipe being 
continued directly along the floor of the culvert or tunnel, which 
then becomes an inspection and repairing gallery merely. In fact, 
it is possible to enter this gallery at the toe of the outer slope of 
the dam, and to emerge at the top of the valve tower. The pres- 
sure due to the full head of the reservoir may be made use of, if it 
is considered necessary, by entirely opening a valve, or the dis- 
charge can be controlled at the tower by partly opening a valve. 
By the former arrangement gravitation works sometimes become 
possible that would not otherwise be so. 

Valve towers, if high, are commonly made of ashlar masonry, 
or if only of moderate height, of cast iron. There should be open- 
ings to the reservoir water at intervals not greater than about ten 
feet in height. 

Plate IX. (Figs. 30 to 34), drawn by Mr. K. Sakuma from 
hand sketches by the writer, shows a tower of the kind described 
made in masonry. An arrangement of flap valves, actuated by 
chains whereby it is possible to close any opening from without, is 
shown. By making these flaps of bronze it is extremely improb- 
able that they should get out of order. In the improbable case 
of a flap below water level needing repairs, it would be necessary 
to send down a diver to repair it. The reason of the considerable 
leverage given to open the flaps is that, after they are once closed, 
a very considerable pressure on the back has to be overcome 
before they can be opened. 

In the case of very large valves it would be advisable, in addi- 
tion to this, to carry a filling pipe from the space between the 
valve and the sluice, so that, this space being filled, and a head 
of water being created in the filling pipe, there might be a pressure 
tending to open the flap. 

Leaving the syphon out of the question for the meantime, it 
will be seen that any valve with the exception of the lowest could 
be removed without stopping the discharge for a moment. The 
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lowest could be removed by allowing the discharge to take place 
by the syphon. 

A syphon is not an essential part of a water tower. Indeed it 
ought to be the exception rather than otherwise, as there is always 
some trouble and uncertainty in its action. The trouble arises 
from the collection of air in the highest part. Unless means 
are taken to get rid of this air, the action is liable to stop 
altogether, especially when the water is lowest in the reservoir, 
and when, therefore, not only is there the greatest vacuum in 
the syphon, and hence the greatest tendency for air to be given 
off, but when there is a less vigorous action tending to carry the 
air do\vn the long limb of the syphon. As long as the velocity ^ 
is great, the water will carry the air with it, and discharge it in ^ 
the syphon well. 

Any leakage in the syphon above the level of the reservoir 
water is sure to cause stoppage by the drawing of air. 

The syphon, in this case, is put into action in the following I5 
way. Whilst water is still flowing into the stand pipe by a, but 
it is anticipated that the water in the reservoir will soon be below 
the level of a, the sluice valve b is opened. The sluice valve c is 
then closed, when water will be drawn through the syphon with- 
out starting it by an air-pump, and with the arrangement shown 
at D for collecting the air, the syphon should work without stop- 
ping, till the water in the reservoir is drawn very nearly to the 
level of that in the syphon well. 

The air-collecting vessel shown in Plate X. (Figs. 35 to 38) is 
very simple in action. It consists merely of a cylindrical vessel 
with a valve at the bottom communicating with the highest part 
of the syphon, one at the top, communicating with a fiUing cup, 
an emptying valve, and a glass gauge to show the height of the 
water in the vessel. The action is as follows : Before the syphon 
is brought into use the vessel is filled with water by the filling 
cup. If this be not done the air in the vessel will suddenly 
expand on opening communication between it and the syphon, 
and will partly fill the latter with air. 

Whenever the syphon has been started, the communication 
between it and the air vessel (which communication must be of 
a fair diameter) is opened. All air will now rise into the air 
vessel, the height of the water in which will be indicated by the 
gauge glass. When the attendant finds that the vessel is nearly 
empty of water, he turns off communication between it and the 
syphon, opens the top valve, and fills the vessel again, when the 
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cycle of operations begins once more. When the syj^hon is not in 
use the vessel is emptied by the drain valve. It would be quite 
possible to make this apparatus automatic, but it would probably 
riot be of advantage to do so. As has been said, the syphon 
otight not to cease to act if due care be taken in watching the air 
vessel, but an air-pump must, nevertheless, be provided, lest by 
any accident the syphon cease to act. 

A " syphon well " has been mentioned more than once. This 
is a shallow well, with an overflow at a level of at least a foot 
or two below the lowest level to which it is intended to draw 
water from the reservoir by the syphon. The lower end of the 
long limb of the syphon dips into this well. 

Plate XI. (Figs. 39 to 43) shows a smaller sized tower of cast- 
iron. No sj^hon is shown in this case. 

Very often no particular provision is made for closing the 
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Fig. 44. — Diagram of main pipe divided for meters and sluice valves. 

outer faces of the openings of valve towers other than so forming 
them that a diver can descend and close them with a temporary 
wooden partition. In the case of necessity, to close the lower end 
of the syphon shown in Plate IX. some such course would have to 
be pursued. 

A Valve House or Meter House is sometimes constructed 
at the toe of the outer slope of the dam. It is particularly 
needed if, as is often the case, some of the water has to be 
deflected for compensation purposes. In this case it will 
generally be found convenient to have two pipes in the gallery, 
one for tower supply, the other for compensation water, the latter 
drawing water from the hottom of the reservoir and having a 
sluice valve both where it passes the valve tower and the valve 
house. 

Sometimes the water is measured by meters in the valve 
house. In this case the main pipe is preferably divided into 
three branches with a meter and two sluice valves on each as 
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shown diaj^nammatieallj in Fig, 44, where the meter is sho\ 
as O, and the filuiee valves as X. Anj' two of the meters must 
capable of nieas^uring all the water, go tliat one maybe remove 

for rejuiirs or verifieatitm. 

The By -wash, Waste Weir, or Overflow of a resenmj 

is of tlie greate.st imiMjrtaiiee in \A\ cases, but particularly in thu 
ease of a reservoir with an e^*thwork dam, as on its suflficiencjj 
depends entirely the safety of the dam, which is all but cert 
to burst if tlie overHow is too small and allows the water 
overtop the dam. 

The natural tendency, in designing a waste weir without mat 
consideration, w^ould l>e to make the wa-ste w^ater \\fms over 
depression in the dam, and down a channel constructed on 
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Fig» 45.^ — Waste w^Av for ivat^r jma^iii;^ aver Jftm (Fnnning)* 

down-stroani slope, protecting the course of tlic flow of wate 
with masonry ; and, as a matter of fact, uverHiiw weirs hav< f 
at times, to be constructed in this way. It is eonsiderei 
preferalile, however, to carrj^ the weir round tlie end of ih 
dam in the solid ground, or to carry two weirs round the twj 
ends of the dam rather tlmn to have the best possible desi^ 
of waste weir over tlie dam. The construction of a masoa 
weir over an eartliw^ork dam spoils the whole homogeneity of 
structure. 

Fig. 45 (taken fruin Fanning) shows a fonn of waste wi 
that may be adoj>ted when the waste water nuist pass over 
dam. In this case there is no puddle wall, the whole dam bei 
constructed of impervious material, as mentioned at the end 
this chapiter. 

Plate VIII. ([), 60), wliich gives the longitudinal section 
an earthwork dam, shows the by-wash or waste weir in transvei 
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section; and Plate XII. shows a waste weir passing round the 
end of a reservoir dam, in plan. 

It is objectionable to keep the sill of a waste weir low, because 
the result is to reduce the effective storage capacity of the 
reservoir, this capacity reckoning up to the level of the sill of 
the waste weir only. It is therefore necessary to get discharge 
capacity by considerable length of weir, and this especially as it is 
necessary to make a certain allowance for possible waves. That 
is to say, if it is decided that a certain length of weir will 
discharge the maximum storm water with a certain depth of 
water, the sill of the weir must not be made only this depth below 
the top of the dam, but this depth + the height of the highest 
wave that is likely to beat against the dam. This height is 
commonly taken as a minimum of 3 feet. This is for very small 
reservoirs ; for larger ones a greater allowance has to be made. 

The maximum height of a wave is a function of the " fetch " 
of the reservoir — that is to say, of the longest straight line that 
can be measured from any part of the dam to any part of the 
shore of the reservoir, when the latter is full and overflowing. 
Stevenson's formula for wave height is commonly used in this 
connection. It is as follows : — 

H = l-5VT>"+(2-5-Vl>') 
Where 

H = the height of a wave in feet. 
D = the f eten in miles. 

The meaning of this really is that the allowance for waves in 
impounding reservoirs which an engineer is likely to have to do 
with, will vary from the minimum of 3 feet, established by 
practice, to a maximum of from 5 to 6 feet. 

The height here given is the vertical height of a wave if it 
meets no resistance. A wave meeting a gentle slope will, how- 
ever, as a rule, roll up it to a height considerably greater than 
its own height. For this reason it is desirable to continue the 
stone pitching 2, 3 or 4 feet up in the form of a dwarf wall, 
as shown at A, Plate VI. This wall is not to be relied on to 
actually resist water pressure, but only to break waves that would 
otherwise roll over the top of the pitching. 

If it were necessary to design waste weirs to carry the 
quantity of water that may fall over the whole catchment area 
for a few minutes at a time, they would have to be enormous in 
size — in fact they would generally be impracticably large. It is. 
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however, the case, that the maximum flow of a stream never 
reaches this Hmit ; and further, that the possible volume of water 
between the level of the sill of the weir and the highest level 
to which it is intended the water should ever be allowed to rise 
acts as an accumulator, so that it is not necessary to allow for an 
overflow equivalent to the maximum over the whole catchment 
area. The difficulty is how much to allow for. An old estab- 
Hshed EngHsh custom was to allow 3 feet length of weir for every 
100 acres of catchment area, the depth of water over the sill of 
the weir being taken as from 2 to 3 feet. There is the great 
objection to this practice, that it takes no account of the fact that 
the maximum discharge of a stream is less, relative to the mean 
discharge, the greater the catchment area. The following table 
of length of weir and of depth of water over the weir — based on 
one by Fanning — will be found to be on the safe side for countries 
not liable to tropical rain storms. ^^ The lengths and depths of 
w^ater for intermediate areas may be taken as proportionate : — 



Catchment Area. 


Length of Weir. 


Depth of Water over Weir. 


200 acres 


15 feet 


1ft. 8 ins. 


400 „ 


20 „ 


1 ft. 10 ins. 


1 square mile 


25 „ 


2 ft. 





32 „ 


2 ft. 5 iu8. 


3 )) }} 


39 „ 


2 ft. lin. 


■* >> 11 


44 „ 


2 ft. 10 ins. 1 


6 5» » 


54 „ 


3 ft. 


^ >J » 


61 „ 


3 ft. 3 ins. 


10 „ „ 


68 „ 


3 ft. 6 ins. 


15 » » 


83 „ 


3 ft. 9 ins. 


20 „ „ 


95 „ 


4 ft. 


25 „ „ 


105 „ 


4 ft. 2 ius. 


30 „ „ 


116 „ 


4 ft. 4 ins. 


40 „ „ 


133 „ 


4 ft. 7 ins. 


50 ,. 


149 „ 


4 ft. 10 ins. 


75 „ „ 


183 „ 


5 ft. 3 ins. 


100 „ „ 


212 „ 


5 ft. 8 ins. 



With the proportions given in Plate VI., every foot additional 
in height of dam gives an additional width of 5 feet to the 
base. It is, therefore, felt that it is a pity the capacity between 
the level of the sill of the weir and of the limit to which it is safe 
the water should rise is, with an ordinary weir, practically waste 
capacity. To overcome this waste to a certain extent — that is to 

* In Japan it is advisable to allow double the length of weir, or at least for 
<louble the discharge of water that the weirs here mentioned will carry. 
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say, to so construct the waste weir that water may rise to the safe 
limit before overflow begins, no overflow at all taking place if it 
rises to any height short of this — and yet to secure safety, has 
been the object of various schemes. 

The simplest, and perhaps the best, is to build a miniature 
dam of earth and sods on the weir, up to the level of the safe 
Umit. If the safe limit is not reached this prevents waste of 
water. If the safe limit is reached, the miniature dam is over- 
topped and is washed away.* 

This plan is successful so long as waves do not beat on the 
miniature dam. Should waves overtop it, it will certainly go in a 
short time. Waves can be provided against by constructing a 
screen opposite the weir, but there is always danger, if this be 
done, that the discharge of the weir will be diminished, especially 
if the stream brings down much floating matter at flood times. 

In the case of short weirs, it can be arranged that a baulk of 
timber lies on the weir so as to be fairly water-tight at bottom and 
ends, and so that one end will give way on the striking of a bolt, 
the other end being held by a chain. 

Works at the Head of the Reservoir. — The water of 
all natural streams contains some suspended matter that tends to 
settle, and this especially during the time of floods. It thus 
happens that all impounding reservoirs show some tendency to silt 
up. It is the case, however, that vastly the greater quantity of 
the silt is carried down at flood time. It is, therefore, distinctly 

* Whilst writing of impounding reservoirs, the writer would like to say a word 
or two on a subject of much importance in Japan and other earthquake countries — 
namely, the possible effect of an earthquake on a reservoir with an earthwork dam. 

On the occasion of the great earthquake of 1891, in Japan, a strong partition 
wall of the service reservoir of the Yokohama waterworks, some 200 miles distant 
from the origin of the disturbance, was overturned by the lashing backwards and 
forwards of the water, although the reservoir was not otherwise damaged. Even 
the water in a small rectangular reservoir of the waterworks of the Imperial 
University of Japan (size 82 x 25 feet x 20 feet deep) was thrown into waves 
about three feet high, and these effects were at places where the earthquake was 
but slightly felt. What would have been the fate of a large impounding reservoir 
had there been one in the part of the country most disturbed, it is impossible to 
say. Only two observations are to be made. The writer has not heard of the 
bursting, at the time of earthquakes, of any of the small reservoirs with earthwork 
dams, made by farmers to store water for irrigation. And further, if every 
engineering structure had to be made so that it would stand such shaking as that 
at the worst of the great earthquake of 1891, no engineering structures would be 
made in Japan at all — nay, no structures of any kind, for what will stand when the 
very mountains are riven and partly overturned ? The people would have simply to 
camp out in the cane brakes ! (See remarks on this subject by Professor John 
Milne, F.R.S., in Appendix, p. 273.) 

F 2 
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objectionable to have flood water " passing through " a reservoir, 
as it is commonly put, that is to say, having floods pouring in at 
the head of the reservoir, while there is water overflowing by the 
waste weir. The result simply is to deposit a certain quantity of 
silt in the reservoir without any corresponding advantage. 

As has been said, impounding reservoirs are never designed to 
take extreme floods. For this reason it is advisable, wherever 
practicable — that is to say, wherever the cost is not prohibitive — to 
construct a channel, or two channels, to carry flood water past the 
reservoir. Such an arrangement is shown in Plate XII. The 
waste weir discharges into this channel. By beginning the works 




Fig. 47. — Arrangement for directing flow into reservoir. 

by the construction of the channel and the tail race, the water is 
conveniently disposed of during the construction of the dam. 

It is probably best to control the direction of the flow of the 
water by sluices worked by an attendant. The sluice to the 
reservoir is normally open, but, whenever the reservoir begins to 
overflow, or, if there is a dwarf dam on the waste weir, before this 
is overtopped, the water is deflected to the by-pass channel. By 
this arrangement the most is made of such a dwarf dam. 

Various automatic arrangements have been designed for effect- 
ing the control of the direction of the flow of the water. The 
simplest is diagrammatically illustrated here (Fig. 47). The 
diagram is almost self-explanatory. The action depends on the 
fact that, the greater the volume of water the greater is its 
velocity, and the further it will leap over an open space. The 
plate A shown can be vertically adjusted. It is so adjusted that 
the water just overleaps it when the stream gets to such a height 
that the water is turbid. This arrangement can only be adopted 
when the total annual supply is considerably over the total annual 



EARTHWORK DAMS. 69 

consumption ; for, although the plate a can be regulated so that 
the normal flow of the stream will all enter the reservoir, whilst 
extreme floods will all enter the by-pass channel, there are inter- 
mediate states of the flow in which the plate will divide the water, 
sending one portion to the reservoir, and allowing another portion 
to run to waste. 

If a by-pass channel is out of the question, and if the stream 
carries down much silt during floods, it is advisable to construct a 
small settling reservoir above the main reservoir by damming the 
valley with a masonry or wood crib-work dam, over the top of 
which flood-water is allowed to pass. Even if this hold only one 
day's mean discharge, it will hold at least some minutes' discharge 
of the extremest floods, and the detritus brought down by such 
floods being generally of a heavy nature, a large proportion of it 
will be deposited even in this short time. Part of the work 
consists of a by-pass channel capable of carrying normal dis- 
charges, and of a waste pipe allowing the water to be drawn 
from the little reservoir. The small reservoir may be cleared 
of deposit at any time when the stream is low, the stream 
being allowed to flow along the by-pass channel, and the water 
being drawn from the small reservoir slowly^ so that it will not 
carry the detritus with it. 

Burning Vegetation within the Reservoir Area. — 
The object of this is to reduce to a minimum the deterioration 
which the water impounded in a reservoir is liable to suffer for 
the first year or so from the decaying of vegetable matter. It is 
not by any means always carried out ; but it should be if the 
vegetation is dry enough to burn at all readily. 

Other Forms of Earthwork Dams. — Many modifications 
of the section of earth dams shown here are in use. For examples 
of these modifications the reader is referred to Humberts " Water 
Supply of Cities and Towns." Also in Fanning's " Treatise on 
Hydraulic and Water Supply Engineering," will be found very in- 
teresting descriptions of dams of much lighter section than that 
given in Plate YI. the whole, or the greater part of the structure 
being of impervious material. 

Some engineers have suggested that, in place of a puddle wall, 
the puddle should be disposed in the form of a puddle apron pro- 
tected by stone pitching on the inner slope of the dam. There 
does not appear to be any advantage in this arrangement. The 
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writer thinks it is, at any rate, a mistake to have both a puddle 
wall and a puddle apron. If the latter is absolutely water-tight, 
the former is not needed. If it is not, the earth between the 
apron and the wall will become saturated with water if the 
reservoir stands full for any length of time ; and on the lowering 
of the water of the reservoir there will be great danger that the 
internal pressure will cause a slip of the inner slope to take place. 

Possibility of the Sliding of an Earthwork Dam. — As 
has been said, there is no question of the stability of a dam of the 




Fig. 48. — Site of dam trenched-out. 

proportions recommended against overturning, but the possibility 
of the resistance of the dam to the horizontal thrust of the water 
tending to cause it to slide in its entirety down the valley has to 
be considered. It can easily be shown that, with the valley line 
nearly horizontal, the weight of an earth dam causes sufficient 
friction to prevent any sliding, and, indeed, the writer does not 
know of a case where an earthwork dam has failed by sUding as a 
whole. 

With a valley having a steep slope, however, it is quite pos- 
sible that such sliding might take place. To prevent the possi- 
biUty of this it is advisable, when the slope of the valley is con- 
siderable, to trench out the ground on which the dam rests, as 
shown in Fig. 48. 



CHAPTER , IX. 
Masonry Dams. 

The conditions that make a masonry dam preferable to an 
earthwork dam have already been described. 

The problem of a masonry dam is entirely different from that 
of an earth dam, in which latter case other considerations than 
those of the stability of the whole mass determine the form of the 
section. The most likely way for an ill-proportioned masonry 
dam to give way, is by the overturning of the whole or a part 
of it from the pressure of the water in the reservoir. 

The Stability of a Masonry Dam. — To be perfectly safe, 
a masonry dam should conform to the following conditions : — 

(1) It must, by its weight alone, without considering either 
adhesions to the foundation, or such support^ as it gets at the 
ends, be able to resist tendency to overturn by water pressure, 
wind, and waves. 

(2) It must be able to do the same at any part of its height. 

(3) It must be able, by friction alone, to resist all inclination 
to slide on its base. 

(4) It must be able to do the same at any part of its height. 

(5) No part of the masonry must be in tension. 

(6) No part of the masonry may be under more than a certain 
pressure from the superincumbent weight. 

To satisfy (5) it is necessary that the line of pressure, whether 
the reservoir be full or empty, be within the inner third of the 
masonry. " The line of pressure (called also the line of resistance)t 
is the line intersecting each joint of a structure (whether it is real 

♦ See po9t, p. 73, on Curved Masonry Dams. 

t See "Design and Construction of Masonry Dams," by Edward Wergmann, 
Jr., C.E. (John Wiley and Sons, New York). This work treats most fully of masonry 
dams in a manner which, considering the difficulty of the subject, is remarkable 
for its clearness and simplicity. 
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or imaginary) at the point of application of the resultant of all the 
forces on that point." By the "inner third," is meant that part 
inclosed by two lines at every part of the height of the dam, 
dividing a horizontal line into three equal parts. 

It may be shown that if conditions 5 and 6 be fulfilled, all 
others will be except in so much as it is necessary to give the top 
a certain thickness to resist waves, and for other reasons that will 
suggest themselves, all other conditions being fulfilled by a dam 
with zero thickness at the very top. 

To find the best section of dam to fulfil all these conditions 
is a very complicated problem. The first solution of the problem 
which was at all successful was by M. Delocre, a French engineer. 
Rankine very much improved upon his method, and Rankine's 
profile has been the standard one, with English engineers at any 
rate, for a good many years back. Wergmann published, in 1889, 
the results of his investigations in connection with the proposed 
Quaker Bridge dam, a dam of 270 feet high intended to impound 
water for the supply of New York City — the highest dam in the 
world. In investigating the question of its design he worked out 
a " theoretical profile " suitable to all heights up to 200 feet. 

The width of the top of a masonry dam cannot be calculated 
theoretically, as there are not suflScient data, but is a matter of 
judgment. Wergmann recommends a minimum of five feet, and a 
breadth equal to one-tenth the height of the dam for all dams over 
fifty feet high, and probably this practice is as good as can be 
recommended. 

Professor Rankine's profile and Mr. Wergmann's do not difier 
much for heights not greater than about 150 to 160 feet, and 
Rankine's is, on paper at least, the more graceful of the two. 
For heights greater than those mentioned, Rankine's profile 
becomes very flat at the down stream slope, the thickness very 
rapidly increasing without apparent corresponding advantage. A 
comparison of the two profiles is given on Plate XIII. 

Plate XIV. shows Wergmann's theoretical profile for different 
specific gravities of stone. The pressure on the masonry by 
superincumbent weight is never allowed to exceed 16,380 lbs. 
on the down-stream face, 20,480 lbs. on the up-stream face, per 
square foot. Masonry dams have been in existence for many 
years that have safely resisted a considerably greater pressure. 

From this " theoretical profile " Wergmann deduces three 
" practical profiles," suitable for dams on different scales. These 
are shown on Plate XV. (Figs. 51 to 53). For dams lower 
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than fifty feet, all dimensions can be taken proportional to 
Profile 1, but keeping the width of the top always five feet. For 
those between fifty and a hundred feet, all dimensions can be 
taken proportional to Profile 2. For those above a hundred feet, 
the height wanted may be taken from Profile 3. 

Curved Masonry Dams. — It must be evident that, in the 
case of a narrow gorge, a curved dam, convex up stream, would 
act as a horizontal arch abutting on the sides of the valley, and 
that the thickness might be reduced. It is evident, further, that 
there is a certain limit beyond which the arch principle would not 
come into operation, because the wall would be (partly or entirely) 
overturned, and distortion would probably take place, before the 
necessary compression to resist as an arch began to take place. 

It has been found impossible to state any limit on one side of 
which a dam may be considered to act as a horizontal arch, and 
on the other side of which it cannot. The investigation is ex- 
tremely complicated, and of necessity rests on data that are little 
better than pure assumption. For these reasons it is generally 
considered that, although the curved plan may, in some cases, 
especially when the valley is narrow, be adopted with advantage, 
the section should still be such that the dam is stable by its own 
weight. 

On the other hand, Messrs. Joseph P. Davis, James J. R. 
Croes, and William F. Shunk, who were appointed Aqueduct 
Commissioners to the Quaker Bridge dam, stated their con- 
clusions in connection with this matter as follows : — 

" (1) That, in designing a dam to close a deep, narrow gorge, 
it is safe to give a curved form in plan, and to rely upon arch 
action for its stability ; if the radius is short, the cross section of 
the dam may be reduced below what is termed the gravity section, 
meaning thereby a cross section or profile of such dimensions that 
it is safe, by the force of gravity alone, to resist the forces tending 
to overturn it, or to slide it on its base at any point. 

" (2) That a gravity dam, built, in plan, on a curve of long 
radius, derives no appreciable aid from arch action, so long as the 
masonry remains intact ; but that, in case of a yielding of the 
masonry, the curved form might prove of advantage. 

" The division between what may be called a long radius, and 
what may be called a short radius, is, of course, indefinite, and 
depends somewhat on the height of the dam. In a general way, 
we would speak of a radius under 300 feet as a short one, and 
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one of over 600 feet as a long one, for a dam of the height 
contemplated. 

" (3) That, in a structure of the magnitude and importance of 
the Quaker Bridge dam, the question of producing a pleasing 
architectural effect is second only to that of structural stability, 
and that such an effect can better be obtained by a plan curved 
regularly on a long radius than by a plan composed of straight 
lines with sharp angular deflections. 

*' (4) That the curved form better adapts itself to changes of 
volume due to changes of temperature." 

In another part of their report they state that ** as to curved 
and straight plans generally, without reference to the Quaker 
Bridge location, all authorities agree that the same principles 
should be followed in designing of the profile, whatever the plan, 
unless the curve has a very short radius, not exceeding, say, 
300 feet." 

Material and Construction of Masonry Dams. — The 

best material for masonry dams is rubble, with Portland cement 
mortar. The size of the stones may be anything from a cubic 
foot or two to several cubic yards, according to the material 
available. The spaces between these stones are filled in with 
smaller stones and cement mortar, or with cement concrete. 

In building the Vymwy reservoir dam for the supply of 
Liverpool with water, the mortar at the beginning of the work 
was made of one part of Portland cement to two parts of washed 
river sand. As the work progressed experiments were made, and 
it was found that, by pulverising the stone of which the dam was 
made (a grey slate rock), mixing two parts of this with one of 
sand, and two parts of the mixture with one of Portland cement, 
a stronger mortar resulted. This mortar was, therefore, adopted. 
For most cases, however, one part of Portland cement to two 
parts of clean, sharp sand, may be taken as a normal mortar. 

In constructing a masonry dam, the first operation is to clear 
the rock on which it is to be founded, and to fill up all fissures 
or cracks with rich cement concrete. The actual building then 
begins, and this needs the utmost care at every stage. The stones 
must be most carefully bedded in mortar, and should not be 
moved or violently shaken after once they are bedded. No 
grouting should be allowed. The masonry should not be in 
regular courses, but should be built up in thick laj^ers, making 
one most thoroughly bond with another. In fact, it should be 
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Burton's " Water Supply of Towns," page 75. 

Note. — In the paragraph on "Concrete Dams," the name of the 
engineer referred to should have been given as James Orange {instead of 
Drange), and Mr. Orange should have been described as resident engineer 
for the works. 
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borae in mind throughout the work that the object is to produce 
as near an approach to a monolith as possible, and to so construct 
this monolith that leakage shall take place neither under it nor 
through it. 

Concrete Dams. — Concrete has not often been used as the 
material for the bulk of a dam, but, in the cases where it has been 
used success has been met with, and it seems likely that the use 
of this material will spread. 

In the case of the Tjrtam waterworks, Hongkong, the 
engineer, Mr. James Drange, finding Chinese masons untrust- 
worthy, or unable to do a style of work of the excellence 
necessary for masonry dams, constructed a considerable dam 
entirely of rubble concrete with a cut stone facing. This has 
been in existence for several years, and has given all satis- 
faction. The section of this dam is shown in Plate XVI. For 
a full description of it, see Proceedings of the Institution of 
Civil Engineers, vol. c. 

The By-wash or Waste Weir. — As has been said, there 
is not such great danger from the overtopping of water in the case 
of a masonry dam as in one of earth ; yet this should be avoided 
unless the section of the dam is specially designed with a view 
to the flow of water over it, and to do this the waste weir 
should be made of the same proportions as those recommended 
for reservoirs with earthwork dams. As in the case of earth- 
work dams, so in the case of masonry, the overflow is generally 
made round one end of the dam. On the other hand, if a 
suitable profile be adopted, the water may be allowed to flow 
freely over the top of the dam, which in this case becomes its own 
by-wash. 

One of the most extensive works in connection with modern 
water engineering is that of the dam of the Vymwy reservoir 
already referred to, of which Mr. G. F. Deacon, M.Inst.C.E., 
was engineer. This dam impounds water forming an artificial 
lake having a surface area of some 1,120 acres, and has a total 
height, including the viaduct, of 1 6 1 feet. Its section is shown 
in Plate XVII. 

In the case of this dam, the flood water is intended to over- 
top the general section, the roadway being built above this on a 
series of arches. There is the great advantage in this arrangement 
that not an inch of the height of the dam is lost. The frontispiece. 



y6 THE WATER SUPPLY OF TOWNS, 

from a photograph,^^ shows the dam through nearly the whole of 
its length. 

Regulating the Discharge of Water from Reservoirs 
with Masonry Dams. — This is done in a manner similar, in 
general principles, to that adopted for earthwork dams — ^that is to 
say, the water is drawn through a culvert or tunnel from a valve 
tower, and may be regulated at a valve house at the toe of the 
outer slope of the dam. There is this difference, however, that 
there is not the same objection to constructing this culvert in the 
body of the dam as there is in the case of an earthwork structure. 
Again, the batter of the inner face of a masonry dam being 
generally but slight, the valve tower may form an actual part of 
the wall. In Plate XVIII. is shown the valve tower of the 
Tytam reservoir, Hongkong. It will be seen that the tower is 
divided into a wet well and a dry well by a cast iron partition 
penetrated by short pipes to which are fixed sluice valves for con- 
trolling the flow of water. A valve tower on the principle here 
shown might be adopted with a masonry dam. 

In all respects — such, for example, as works at the head of 
the reservoir — except those mentioned, the procedure is the same 
in the case of a reservoir with a masonry dam as in the case of 
one with an earthwork dam. 

* Reproduced, by permission, from The Engineer of 15th July, 1892. 
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CHAPTER X. 

The Purification of Water. 

Water, as found in nature, is never absolutely pure, and it is 
seldom that it is so pure but that it may not be improved by 
means so moderate in expense that they are applicable to the 
large quantities of water dealt with in the supply of cities. 

Practically pure water can be got by distillation only, but 
such a process is, of course, quite out of the question on the large 
scale necessary for the supply of towns, although water is so 
purified for use on board ship. 

Pasteur's filters of unglazed earthenware are said to remove 
all micro-organisms, but they, also, are not applicable on a large 
scale. In the case of some deep-well waters, and sometimes in 
the case of water that has been stored in impounding reservoirs, 
the degree of purity is so great that no improvement can be made 
by processes applicable on a large scale, or the improvement 
would be so slight that it is not considered worth the expense 
involved to establish purifying arrangements. This is the excep- 
tion, however. 

Purification by Settlement and Sand-filtration^ — By 
far the commonest methods of purifying water on a large scale are 
by settlement and by sand-JUtration. 

Settlement consists simply in allowing the suspended particles 
to settle by their own weight. The possibility of such settlement 
assumes that these particles are of a higher specific gravity than 
water. The greater quantity of the suspended matter to be 
treated is of higher specific gravity than water, and only needs 
time enough to settle. A certain quantity is of less specific 
gravity than water. This rises to the surface, and can, therefore, 
also be separated from the water. 

It is possible that some suspended matter is of precisely the 
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same specific gravity as water, in which case it will incline neither 
to sink nor to rise. However this may be, there is generally 
some suspended matter in so fine a state of division that it takes 
an indefinite time to settle. It will readily be understood that, 
the finer the division of the suspended matter the longer it takes 
to sink. The reason is that the surface of similarly shaped 
particles, ofiering skin friction resistance to settlement, varies only 
as the square of any similar linear dimension : the volume, and 
therefore the weight, varies as the cube. In other words, the 
surface offering resistance by skin friction is relatively greater 
the smaller the particle. 

In every case where there is an impounding reservoir this acts 
as a settling reservoir also, and, indeed, as a very efficient one ; 
for in spite of the comparatively great depth of impounding 
reservoirs, they generally hold so many days' supply that settle- 
ment has ample time to take place. This is especially true if 
there is a by-pass channel for carrying the water of excessive 
floods. 

Where there is no impounding reservoir, and the water of a 
stream is liable to be turbid at times, it is generally advisable to 
have one or more settling reservoirs. These are simply reser- 
voirs of moderate size, which can be emptied occasionally for 
cleaning, and which hold the water long enough to allow the 
grosser particles of suspended matter to settle. The object of the 
settling reservoirs really is to spare fatigue to the filters, and 
no absolute rule has been evolved for the capacity of settling 
reservoirs. Without any settlement, filter beds are liable to 
become simply unmanageable at times, when the water is very 
turbid, becoming clogged more quickly than they can be cleaned. 
The greater the capacity of the settling reservoir, the less often 
have the filter beds to be cleaned. A capacity of from two to 
three days' mean consumption is a common one. 

Sand-filtration is the almost universal method employed for 
completing the purification of water so far as it can be purified at 
a moderate cost on a large scale. 

In a recent edition of a deservedly popular Encyclopaedia, 
filtration is thus defined : — ** The process of filtration consists in 
passing the liquid through some porous substance, the interstices 
of which are too small to admit the passage of the solid particles, 
the principle of the action being the same as that of a sieve." 
Now this is doubtless true of some kinds of filtration, such as that 
of liquids holding insoluble matter in suspension, through filtering 
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paper, but the action in the case of sand-filtration is quite different 
from this — or, perhaps, it would be better to say that there is an 
additional action in the case of common sand-filtration. 

There are two reasons for stating, with considerable positive- 
ness, that the action of sand in filtration is different from the 
straining action of a sieve. One is that the sand found to be the 
best for filtration of water, is sand the grains of which are so 
large, that the interstices left must certainly be large enough to 
allow many of the particles that are actually filtered out to pass 
side by side. Another reason is that, whereas sand-filtration is 
efficient so long as a certain very slow velocity of the water is not 
exceeded, it rapidly becomes inefficient — fine suspended matter 
passing — if a velocity much below what would be perfectly per- 
missible were the action merely a sieve-like straining action 
is reached. 

We probably have the key to the action of sand in filtration if 
we consider the action that takes place if a glass filled with turbid 
water is allowed to stand for some length of time. It will be 
found that the matter constituting the turbidity will slowly 
deposit, but that it will deposit nearly as much on the vertical 
sides of the glass as on the bottom. There is, in fact, an adhesive 
action. This will be particularly noted if a ferruginous water, 
tending, after being exposed to the air for some time, to throw 
down the iron in the form of an insoluble compound, be used. 
It is probable that there is a similar action in the case of sand- 
filtration.* It would seem, however, that after a certain 
amount of fine filtrate has filled up the interstices of the upper 
inch or so of sand, the action is, in part at least, one of actual 
straining. 

It has been stated that impurities in solution are not removed 
by sand-filtration, and this is true if the process be looked on as a 
continuous one ; but it is a fact, not at all readily understood, that 
at the time a filter is first started, either with fresh sand, or with 
sand that has been thoroughly washed, a considerable quantity 
even of soluble matter is retained by the sand. This cannot, 
however, be said to be a fact having much bearing on waterworks 
practice, as after a little time the soluble matter begins to pass 
freely through the filter. 

As has been already stated, sand-filtration will remove the 
greater number of micro-organisms from water so long as the 
velocity of the filtration is kept very moderate. 

* See Note 5, Appendix II. 
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Other Methods of Purifying Water. — As has been said, 
water that contains any appreciable quantity of dissolved organic 
matter ought not to be selected as a source of water supply, if any 
other source can be obtained. There occur, however, cases in 
which it is impossible to find any supply of water that is not 
more or less impregnated with dissolved organic matter. In 
such a case it becomes necessary to have recourse to some process 
that will remove the organic matter or, by oxidizing it, will render 
it innocuous. These methods are all somewhat expensive and 
cumbrous to work, but there are some of them that are not im- 
practicable even on a large scale. 

Animal charcoal had for long a high reputation as a purifier 
of water, and there can be no doubt that, given certain conditions, 
its action is wonderful, the organic matter of water passed through 
a layer of it being completely oxidized. There are some uncer- 
tainties, however, about the process, the charcoal in certain cases, 
after it has been at work for some time, actually making the 
water worse than it originally was. For this reason its use on 
any large scale is now discontinued.* 

Various iron ores have a peculiar action on water, causing the 
rapid oxidation of organic matter. I^otable amongst these is 
magnetic iron oxide. If water containing organic matter in 
solution be passed through a layer of some inches of any of these 
ores in a fine state of division, it is found that oxidation more or 
less complete takes place. Iron ores specially prepared for the 
purification of water are sold under such names as "Carfarel," 
" Carbide of Iron," and " Polarite." This last mentioned, which 
has been very favourably reported on in recent years, is said to 
be pure magnetic oxide of iron. 

Metallic iron has a powerful action on water Containing 
organic matter in solution. Thus if a handful of clean iron filings 
be placed in a vessel containing water with organic matter in 
solution, and the filings and the iron be violently agitated for two 
or three minutes, the organic matter will be carried down with the 
filings, when these are allowed to subside. 

The action that takes place in this case is not very clearly 
understood, but the following is the explanation given to the 
writer by Dr. E. Divers, F.R.S. :— 

" Water containing carbonic acid dissolves iron in the form of 
carbonate, at the same time liberating hydrogen when no deoxidis- 

* See note 6, Appendix II. 
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able matters are present. One effect, well known, of depriving 
water of its dissolved carbonic acid, is to precipitate any calcium, 
magnesium, and iron carbonates, which the carbonic acid may 
have been keeping in solution. In this way spongy iron will 
become coated over and cemented together into a hard mass by 
some calcareous waters. What iron carbonate is not thus 
precipitated, becomes afterwards changed by atmospheric oxygen 
into ferric hydroxide and deposited as a rusty sediment. Oxygen, 
nitrite, nitrate, and no doubt some other of the oxygenous matters 
in solution in the water are consumed partly by contact with the 
metallic iron in presence of the carbonic acid, and partly after- 
wards by the iron dissolved as carbonate. 

" It is not easy to admit that the action of iron upon water, 
holding carbonic acid in it, can be effective in destroying or 
precipitating dissolved albumenoid matters from the water. 
Kather must it be considered that the purification of water from 
matters indefinitely classed as albumenoid, consists in the removal 
of organisms living in the water. The activity of iron in depriv- 
ing water of bacteria is just what might be expected, since a 
microbe in water holding carbonic acid gets into a field of 
powerful chemical action when it comes in contact with bright 
iron, and will naturally be paralysed if not killed outright. 
Further, water freed, as it is by iron, of both carbonic acid and 
oxygen, must be ill-fitted for bacterial life, while the dissolved 
ferrous carbonate will, even in the minute quantity of it present, 
be a powerfully poisonous agent, like all such reducing or de- 
oxidising agents. 

" In accordance with this account of the probable mode of action 
of the iron in kiUing and removing bacteria is the fact that it is 
only quickly after contact of the water with the iron that bacteria 
are so strikingly diminished in number, for towards the de-aerated 
water the iron becomes passive as glass, and new generations of 
bacteria may knock up against it with impunity if otherwise able 
to live in the water." 

Spongy iron, obtained by calcining or reducing haematite by 
carbonic oxide, is really metalUc iron, and if water containing 
organic matter in solution be filtered through this, the action above 
described will take place. The iron slowly rusts, and for this 
reason the method of agitating the water with metallic iron in the 
condition in which it is generally found in workshop turnings and 
borings, as described in a subsequent chapter, seems more suited 
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to the purification of water on a large scale than filtration through 
spongy iron.* 

Hardness of Water. — As in the case of dissolved organic 
matter, so with hardness : it is sometimes impossible to find a 
source of supply of water that is not much harder than is desir- 
able. In this case a softening process ought to be applied, though 
it must be admitted that there is not the same real danger to 
health from even excessive hardness of water as there is from the 
presence of dissolved organic matter. 

The general principle of Clark's process has been described 
already (p. 11). In practice the water is mixed, in settling tanks 
or reservoirs, with a certain quantity of lime water, which is merely 
a weak solution of caustic lime. Time is allowed for the insoluble 
carbonates formed to settle, when the clear water is drawn off. It 
is notable that the minute particles entangle with them a large 
percentage of any micro-organisms that there may be in the water, 
and carry them to the bottom of the tanks, though they do not 
kill them. 

In a modified form the process is continuous. The water is 
mixed with a certain proportion of lime solution before entering a 
certain apparatus having a number of horizontal partitions, so 
arranged that the water has to pass slowly over the uppermost of 
these, then in the opposite direction over the next one below, and 
so on. The fine suspended particles having comparatively a short 
distance to settle, the action is rapid, and at the same time a very 
large reservoir is avoided. 

* See note 7, Appendix II. 



CHAPTER XI. 

Settling Reservoirs. 

Capacity and Number of Settling Reservoirs. — It has 
already been explained that the greater the capacity of settUng 
reservoirs the less the fatigue of the filters, and the practice in the 
matter of proportioning the capacity of such reservoirs has varied 
greatly. Any capacity from that corresponding to a fraction of a 
day's consumption to one corresponding to ten or even twenty 
days' consumption has been recommended. The latter may be 
useful when a little storage capacity is thought desirable, there 
being fear that the minimum supply of water may fall a little 
below the consumption for a few days or even a few weeks at a 
time ; but in ordinary cases a capacity of from two to four days' 
mean consumption is suflScient. 

It is, of course, necessary to decide how many settling reser- 
voirs there should be. If the intermittent system of settlement 
(see farther on in this chapter) be adopted, it is evident that there 
must be at least two reservoirs. With the constant system there 
need be only one ; and in the case of small works it is often con- 
venient, on account of cost, to have one reservoir only. In this 
case a by-pass channel has to be provided, so that the reservoir 
can be emptied for cleaning. A time for cleaning is selected when 
the water of the source is comparatively free from turbidity. 

For any but small waterworks it will generally be found 
advisable to have two, three, four, or even a greater number of 
settling reservoirs. In such case one is emptied for cleaning at a 
time, the work proceeding in the case of the others. 

Dejpth of Settling Reservoirs. — This has to be decided by 
various considerations. It will be evident at once that the 
greater the depth the longer the time taken for settlement. On 
the other hand, there are various objections to very shallow reser- 
voirs. One of these is, of course, the great area of land they 
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need ; another is that for every capacity of reservoir there is a 
certain depth that is most economical to construct. It will be 
evident that, in the case of small reservoirs, the cost of the sides, 
especially if the retaining- wall construction be adopted, will form 
a greater proportion of the whole than in the case of large reser- 
voirs of the same capacity, the capacity of a reservoir varying, 
with constant depth, as the square of the length of line enclosing 
it, assuming the shape to remain the same. It thus becomes 
economical to make small reservoirs shallow and large ones deep. 

Against excessive shallowness there are other objections than 
those mentioned. Very shallow water is liable to be heated by 
the sun's action, and the growth of vegetation is likely to become 
excessively troublesome. 

It may be said that standard depths for the water of settling 
reservoirs are from twelve feet to sixteen feet. In the case of 
very small works a less depth than twelve feet may at times be 
permissible. Thus reservoirs may be made as shallow as ten feet, 
or even perhaps eight feet in some cases. On the other hand, 
there are cases where the depth of sixteen feet may be exceeded, 
and a depth of eighteen or even twenty feet become economical ; 
but this is to be anticipated only with very large works. 

The depths given are those of the actual water. It is necessary, 
except in the case of very small reservoirs, to allow a depth beyond 
this of about two feet. Even in the case of very small reservoirs, 
an additional depth of about one foot six inches should be allowed. 

Constant Settlement and Alternating Settlement.— 

Settlement may be in accordance with either of these two systems. 
In the case of constant settlement water is constantly flowing into 
a reservoir at one end, whilst it constantly flows out at the other. 
The reservoir may thus, indeed, be looked on as a canal with a 
very slow velocity of flow, one seldom exceeding a few feet an 
hour. The reservoir is only emptied for cleaning out. 

In the case of intermittent settlement two or more reservoirs 
are necessary. The action is as follows. Let it be supposed there 
are three reservoirs. At any one time one is being filled up, the 
water is being drawn from another to within two or three feet of 
the bottom to flow to the filter-beds, and the third is in a perfectly 
quiescent state. Suppose then the capacity of each reservoir to 
be one day s supply. Any given reservoir is being filled during 
one day ; it stands full during the next day ; and water is being 
drawn from it during the third day. The two or three feet at the 
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bottom are drawn oflf and run to waste only when the reservoir 
has to be cleaned out. 

In the first place let it be stated that there are circumstances 
in which the first (or constant) system of settlement only is avail- 
able. It is not always practicable to so adjust the various levels 
of the intake, the settling reservoir, and the filter-beds, that it is 
possible to draw off, say, three-quarters of the contents of the 
settling reservoirs into the filter-beds. It is sometimes, on the 
other hand, necessary to keep the level of the water in the filter- 
beds only as much below the level of the water in the reservoirs 
as will give a head sufficient to make the water flow from the 
latter to the former ; that is to say, with only a few inches' 
difference of level. This state of affairs is illustrated in Plate XIX. 

With this arrangement, when, as is sometimes the case, it is 
not possible to find a place to which the settling reservoir can be 
drained for cleaning, it is necessary to provide arrangements for 
occasionally pumping out the water. The pulsometer class of 
pump will be found useful for this purpose. 

There is some difference of opinion as to which of the two 
systems described is the better, and it is certain that either of 
them, carried out with intelligence, results in great improvement 
of turbid water. The writer ventures to express a pretty decided 
opinion in favour of the constant system : he has more than one 
reason for expressing this opinion. Thus with the constant system 
there is a much longer time for settlement with water very 
nearly absolutely at rest than there is, with the same total capacity 
of reservoirs, in the case of the intermittent system, the water 
absolutely at rest. Thus — taking again the case of the three reser- 
voirs of one day's capacity each, used as an example above — with 
the intermittent system the water remains in one reservoir for 
twenty-four hours absolutely at rest; with the constant system 
the water normally remains practically at rest for three days of 
twenty-four hours each ; even when one reservoir is laid off for 
cleaning, it remains practically at rest for two days of twenty-four 
hours each in two settling reservoirs. 

Then again, with the constant system, if the inlet and outlet 
pipes he in the proper position and of the proper foimi, the water 
is always drawn from a position where it is at its purest. With 
the intermittent system, on the other hand, when a reservoir is 
being emptied, there is a tendency for the settling matter near 
the inlet of the reservoir to be drawn towards the outlet, and as 
the level of the water gets low, to mix with the outgoing water. 
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In the case of sewage precipitation, which is, in some respects, 
very similar to that of water settlement, the constant system has 
been found so much better than the intermittent that, in some 
cases, where works were first started on the intermittent system, 
the constant has been substituted for it : and this in spite of the 
fact that, in the case of sewage precipitation, the constant system 
has not the advantage that it has in the case of water settle- 
ment, that one reservoir, with a by-pass channel, is permissible. 

The writer does not know whether, in the case of water settle- 
ment, a system that may be described as a set of settling reservoirs 




Fig. 67.— Plan of settling tanka. 
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Fig. 68. — Side and cross channels of 
settling tanks. 



Fig. 59. — Section of cross channel weir 
box of settling tanks. 



in series instead of parallelly arranged, which has been found 
useful in the case of sewage precipitation, has ever been attempted. 
The general principle is illustrated in Figs. 57 to 59.* 

In this case the water would flow normally through all the 
reservoirs, a, b, c and d, the side channels remaining empty. At 
any time, however, any one of the reservoirs could be laid off for 
cleaning simply by closing the weir leading to and from it, and 
opening the sluice on the side channel past it. For example, the 
reservoir b could be laid off for cleaning by closing the weir to and 
from it, and by opening the sluices marked h h. 

* From " Practical Sewage Purification," by Peter Spenoe and Sons. 
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It is the opinion of the writer that, if, instead of allowing the 
water simply to flow over weirs, it were led to the bcjttom of the 
first reservoir, and afterwards from near the surface level of the 
first to the bottom of the second, and so on, verj- effic?ient settle- 
ment would result from the adoption of a system of this kind fur 
clarifying water. 

Form of Settling Reservoirs.— The form of a settling 
reservoir in plcin will often be decided by the plan of tlic land 
that may be available for it. It may be said that a rectangle^ with 
the length in the direction in which the water flowei, several times 
that of the breadth, is a good form merely from the point of 
eflScient settlement ; and it may be an economical fttnn where two 
or more settlinor reservoirs are constructed side bv Hide, Wlien 
there is only one reservoir, such a form is evideiitly not so 
economical in first cost as a square or circular reservoir, eitlier of 
which, especially the latter, encloses a given quantity of water, 
with a shorter outline. 

The circular form has, further, the advantage that in the cme 
of small reservoirs, if it be decided to use vertical walls, cjf Buch 
as have but slight batter, the thickness may be considerably 
reduced from that needed in an actual retaining wall, resisting 
by its weight the whole wall acting as a circular arcli. There 
is, however, in this case, a diflSculty which often occurs in 
engineering works. It would be absurd to make the wall so 
thin as to depend on the resistance to crushing of the material 
only, as it would then be so slight that it would evidently be 
likely to give way by distortion — due to inequalitiu^ of radial 
pressure at different parts of the circle — which there are no 
possible data for calculating. The reduction of the tliiekness of a 
vertical reservoir, acting as an arch, thus becomes neaily entirely a 
matter of judgment. Again, as we get to larger sizes, it is a 
matter of judgment, with a given height of wall^ up tu what 
diameter of reservoir it is allowable to trust to the resistance as a 
circular arch at all. 

In section the floor of a settling reservoir shouhl have a slight 
slope, so as to facilitate cleansing. It is common to nmke the 
floor slope transversely in two directions towards a lonjj;itiidiual 
drain in the middle of the reservoir, the floor with tlie drain also 
sloping slightly longitudinally. A slope of I in 150 or 1 in 200 
towards the central drain, and a longitudinal slope nf l m 250 or 
300 is suflScient. 
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The sides of settling reservoirs are either sloping, covered with 
stone pitching, or are in the form of retaining walls. The slope 
of sloping sides may be considerably greater than that for the 
inner face of the earthwork dam of an impounding reservoir, as, 
with the comparatively slight depth, the stone pitching may, to a 
certain extent, be said to act as retaining wall with a very great 
batter. Thus slopes of 2 horizontal to 1 vertical are common, 
and even somewhat steeper slopes are permissible. 

If retaining walls are used, they are calculated from the usual 
engineering formulae for retaining walls, to resist the earth 
pressure behind them. It is not necessary to take the water 
pressure into consideration, as this pressure will never force 
retaining walls outwards that are heavily enough proportioned 
to resist the thrust of the earth behind them ; nor must any 
reduction in thickness be made, because the water pressure will 
greatly counteract the earth pressure when the reservoir is full. 
In fact, all calculations must be made for " reservoir empty." 

It is common to give an inside batter of from 1^ inch to 
2 inches to the foot to the retaining walls of settling reservoirs. 

In comparing sloping sides with nearly vertical sides, it will 
be found as a rule that, so far as construction goes, reservoirs with 
sloping sides are the cheaper. It is evident that the additional 
price needed for the land in the case of sloping sides may balance, 
or more than balance, the saving in construction. A little con- 
sideration will show that, with the same depth, the addition at 
hand necessitated by sloping sides is relatively less the larger the 
reservoirs. 

Where the first cost is about the same in both cases, prefer- 
ence is generally to be given to the retaining-wall structure, as 
the shallow water resulting from sloping sides is liable to include 
troublesome vegetation. 

Materials for the Construction of Settling Reservoirs. 

— Until recently it was the universal practice to trust to puddle 
to secure watertightness for such structures as the reservoirs used 
in connection with waterworks, and puddle is still largely used. 
Increased knowledge of the powers of concrete and cement have, 
however, shown that these alone may be thoroughly relied on,* if 

* It does not seem advisable to rely alone on so inflexible a substance as concrete 
for reservoirs in earthquake countries. In the present state of our knowledge, it 
seems best in such countries to keep to the old practice of using puddle, at least as 
a stand-by, in case of the fracture of concrete. 
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properly used, to make such structures as settling reservoirs and 
service reservoirs quite watertight, and the puddle is now 
commonly dispensed with. 

Plate XIX. (Figs. 60 to 63a) shows two reservoirs— one a 
reservoir with sloping sides in which the puddle lining is retained, 
the other a reservoir with retaining wall in which no puddle 
is used. 



Positions of Pipes for Settling Reservoirs. — A great 
deal of the efficiency of settlement in the reservoirs we are now 
dealing with depends on the manner in which the water is 
admitted to and drawn from the reservoirs. What is to be 
avoided is the water flowing in a direct line from the inlet to the 
outlet pipe with consid^able velocity, without mixiiijj; with the 




Fig. 64. — Arrangement of partition walls in reservoir to divert flow al" watei* 

water already in the reservoir. It has been suggested that, lo 
prevent this, there should be several partition walls longitudinally 
arranged in the reservoir, open at alternate ends, fuixniig tlie 
water to take a sinuous course, as shown in Fig. 64. Thin 
arrangement seems unnecessary if proper attention be paid to the 
admission and the drawing off of the water ; and, moreover, it in 
likely to so increase the velocity of the flow of water iu the 
reservoir, considered as a canal, that settlement will ratlier be 
impeded than the reverse. 

It is probably seldom that water enters a settHng reservoir for 
any length of time at exactly the same temperature as the bulk 
of the water in the reservoir. It is evident that currents may be 
produced, and the mixing of the water with that in the reservoir 
may be prevented, if the water entering the reservoir be at a 
different temperature from that in it, and that these conditions 
may influence the rapidity of settlement. 
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It is interesting to consider briefly what would take place with 
outlets and inlets in different positions, and with the temperature 
of the incoming water either higher or lower than that of the 
water in the reservoir. First let us suppose both inlet and outlet 
at the level of the surface of the water, as shown diagrammatically 

Fig. 65. Suppose first the incoming water warmer ^ and 



in 




Fig. 65. — Diagram of settling reservoir : Inlet and outlet at surface level. 

therefore of lower specific gravity than the water in the reservoir. 
It is evident that the water will travel, as shown by the full 
arrows, rapidly on the surface of the reservoir from the inlet to 
the outlet. During this travelling some of the suspended matter 
will certainly settle, but there will not be the time for settlement 
that there should be. 

If, on the other hand, the entering water is colder, and, 
therefore, of higher specific gravity than that in the reservoir, it 




Fig. 66. — Diagram of settling reservoir : Inlet and outlet at floor level. 

will tend to sink, as shown in the dotted arrows, and settlement 
will be much more satisfactory.* 

Let us now take the opposite case, where both inlet and 
outlet are at the floor level of the reservoir, as shown in Fig. 66. 
Here, if the incoming water is colder than the water already in 

♦ Those who have seen the Rhone flow into Lake Leman (or the Lake of 
Geneva) will have recognized a natural settling reservoir of this kind (the water 
entering and leaving at surface level, the entering water being colder than the water 
in the lake), produced by nature on a grand scale. The water of the Rhone carries 
down so much detritus that it is of a dull leaden gray colour. It is also mostly 
glacier water and is very cold. The dull leaden-coloured stream may be seen, so to 
speak, to plunge into the intensely blue waters of the lake and to disappear. This 
is, at any rate, the summer aspect of the lake and the river. 
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the reservoir, it will shoot straight across the floor, and the 
conditions will be the very worst possible. This state of affairs is 
shown in full arrows. If, on the other hand, it is wanner^ the 
water will rise, as shown by the dotted arrows, and the suBj>cnded 
matter will have the greatest possible distance to settle. 

The next possible supposition is that the water enters at the 
top, and has its exit at the bottom of the reservoir, as shown in 
Fig. 67. In this case, whether the entering water be colder or 




Fig. 67. — Diagium of settling reservoir : Inlet at surface level, and outlet at floor levtil 

warmer than that already in the reservoir, it tends to take too 
direct a course from the inlet to the outlet. If it is colffcr, it 
will take the course shown in the full arrows ; if it is warmer^ it 
will take the course shown by the dotted arrows. The furmer 
gives the better settlement. 

The only other possible case is that where the water enters at 
the bottom of the reservoir and leaves at or near the surface level, 
as shown in Fig. 68. In this case, if the water is colder than that 




Fig. 68. — Diagram of settling reservoir : Inlet at floor level, and outlet at surface leyeL 



already in the reservoir, it will incline to remain toward Is the 
bottom, gradually forcing upwards the water that has bc^eii for 
some time in the reservoir. These conditions give the very best 
possible settlement. If the water entering the reservoir be 
warmer than that already in it, it will tend to rise, and to take a 
somewhat direct course towards the outlet, but still the settlement 
is very fair ; and these conditions of inlet and outlet — ^that is to 
say, in which the water enters the reservoir at the bottom and 
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leaves it near the surface level of the water — are the best possible 
for settlement.* 

The form of the inlet should be that of a bell mouth, so that 
the entering of the water may have the least possible tendency to 
cause currents by its velocity merely, and the bell mouth may 
with advantage point upwards. This is illustrated in Plate XX. 
(Figs. 69 to 73.) 

With the position of the inlet and outlet as just described, it 
is evident that the settling and the floating matter will tend to 
take the positions shown by shading in Fig. 68, there being a 
certain part of the reservoir, marked a, clear of both settling and 
floating matter. It is further evident that this is the place from 
which the water ought to be drawn. 

If the constant system be adopted, it is sufficient to have the 
draw-off pipe situated with its top about a foot below the level 
of the water, and this arrangement may be adopted when the level 
of the ground is such that the settling reservoir can never be 
emptied into the filter beds. It is shown in Plate XXI. in the 
case of the reservoir with sloping sides (Fig. 74). 

In the intermittent system (and in the constant system if it is 
intended occasionally to draw off the water into the filters), it is 
desirable to provide some means of drawing the water from a little 
below the surface, whatever may be the level of the water in the 
reservoir. There are two common methods of bringing this about. 
One is by a stand pipe with valves at different levels — a valve 
tower on a small scale, in fact ; the other is by means of a 
" floating pipe." Such a pipe is kept floating with its mouth a 
foot or so below the surface of the water by floats of copper, or, in 
the case of very large sizes, of wrought iron. Both arrangements 
are shown in Plate XXII. (Figs. 77 to 79.) Except for the 
liability that there nearly always is that an automatic arrange- 
ment may get out of order, the floating pipe is the more efficient 
arrangement. Details of the floating pipe are shown in Plate 
XXIII. (Figs. 80 to 83.) 

In any case, the whole of the water in a settling reservoir is 
never run to the filter beds. In the case of the intermittent 
system the water is only drawn off to within 2 to 4 feet of 
the bottom, when the reservoir is filled up again, except when it 

* It has been assumed throughout that the water does not fall below 39° F. 
(4° C), the temperature at which water is at its maximum density. With tempera- 
tures between this and the freezing-point, 32*^ F. (0° C), the tendency of currents to 
rise or fall will be just the reverse of these indicated. 
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needs cleaning. In this case the water is run to the filter beds, 
either till it begins to run off turbid, or till the lowest leirel la 
reached to which it is possible to run off to the filter beds. The 
rest is then run to waste. The same plan is pursued in the case 
of the constant system when a settling reservoir has to be 
cleaned. 

The intervals of time between cleanings of settling reservoirs 
vary very much according to the nature of the water. They may 
be any period from a month or two to several years. 

A drain pipe or scouring pipe, and in case of any danger 
of overfilling, an overflow pipe, are necessary adjuncts of settling 
reservoirs. When both are used, they are commonly made in 
conjunction, as shown in Plate XXIV, If no overflow is 
needed, the scouring pipe may form part of the stand pipe, by 
having a diaphragm across it below the lowest draw-off valve^ as 
shown in Fig. 77, Plate XXII. Hero there is a diaphragm at 
A which may consist either of a part of tlie bottom casting, or of 
the one immediately above it, or may be in the form of a wrought- 
iron plate bolted in between these two castings. 

As already stated, where it is impossible to <irain a settling 
reservoir by gravity, or where the cost makes it impracticable, it 
is necessary to provide a pump for draining it. 
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CHAPTER XII. 

Sand Filtration. 

The Rate of Filtering Speed Allowable, — When 
it is thoroughly understood that sand filtration is not a mere 
straining, as by a sieve, but is effected by surface adhesion, it 
will readily be understood that it is of the utmost importance 
to estimate what Jiltering speed is allowable, and hence to 
estimate the necessary area of filter beds. By ** filtering speed " 
is meant the velocity with which the whole of the water in a filter 
bed approaches the sand in a vertical direction. This velocity, 
multiplied by the area of sand surface, gives the quantity filtered. 

When filter beds were first introduced, there were no data 
for filtering speed, and as the action was looked on merely as a 
straining action, it is probable that the only limit was taken as 
that speed which, if exceeded, would result in the washing away 
of the sand. After a time it became evident that it was not 
safe to approach such a Umit, and it wa^ found that, if certain 
very moderate velocities were exceeded, filtration rapidly became 
inefficient. Even after this, however, there was great difference 
of practice in the matter of the filtration speed allowed. Of late 
years great light has been thrown on the subject through the 
study of bacteriology, and an approach to uniformity is coming 
about. Even now, however, there is considerable variation in 
practice. Dr. Koch, the eminent bacteriologist, has (the writer 
understands) come to the conclusion that a filtering speed should 
never exceed 7| feet in twenty-four hours. It seems unlikely that 
any such hard-and-fast rule can hold good for all cases,* for there 
can be no doubt that the efficiency of filtration varies with many 
circumstances — with the purity or the reverse of the water, for 
example ; with the nature of the sand ; and with the temperature. 

* A series of experiments, both biological and chemical, carried on in connection 
with the Osaka (Japan) waterworks, gave very different results from this. 

It has recently been discovered, at the Berlin waterworks, that covered filters 
are much less efficient than open. 
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SAND FILTRATION, 95 

On the other hand, the much higher velocities — 16 feet in twenty- 
four hours or even more — adopted by some English engineers, are 
undoubtedly too high. 

It is with some diflSdence that the writer states the conclusion 
he has come to — ^namely, that a maximum Jiltering speed 0/ 10 feet 
in tioenty-four hours is quite permissible in the case of water 
already fairly good. That is to say, with arrangements properly 
made so that the daily filtering speed is constant, the area of the 
filtering beds need not be greater than will permit a filtering speed 
of 10 feet in twenty-four hours for maximum daily consumption, 
or, say, mean annual consumption x 1*4. 

In this connection it should be borne in mind that a provision 
for additional filtering capacity always is, or ought to be, part 
of a waterworks scheme, and that, if filtration is found to be 
ineflScient on account of too great filtering speed, it is very easy 
to add more filtering capacity. Nevertheless, the writer considers 
that there ought always to be, even from the first, such area 
of filter beds that the velocity need never exceed 10 feet in 
twenty-four hours. 

The filtering speed once decided on, in order to get the total 
area of filter beds in use at one time, we have merely to take 

Where 

g «= maximum quantity of water consumed in one day in cubic feet ; 
/ = filterinj? speed in feet ; 
a = area in square feet. 

This naturally leads up to the question of the number of 
filtering beds to be provided. 

Number of Filtering Beds. — Filtering beds have to be 
cleaned — an operation that will be described farther on— at 
periods which vary according to the condition of the water as it 
comes on for filtration. The period ought never to be less than 
ten days. A common interval between cleaning is about a 
month, although the writer knows of one case where water has 
been passing through a set of filter beds for several years without 
their having been cleaned or showing any approaching need of 
cleaning 1 * This, however, is a case where filtering beds were 
simply unnecessary,t the water being spring water of almost 

* The small waterworks at Hatanomura Osumi Gori, Japan, 
t See note 8, Appendix II. 
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phenomenal clearness to begin with. To allow of cleaning it 
is necessary to provide at least one extra filter bed, that can be 
emptied, the filtering being done by the others. In small water- 
works, it is never necessary to provide more than one additional 
filter bed, there being a total number of two to four beds. In very 
large works it is desirable to increase the number of beds, as very 
large beds become unwieldy. In this case it may be necessary 
to provide two or even three extra beds, especially if the water 
comes up for filtration somewhat turbid. 

The following table is modified from Hennell. It is only 
intended as a very rough guide : — 



With a Popalation 


ap to 


No. 


of Filter Bed*. 


2,000 






2 


10,000 






3 


60,000 






4 


200,000 






6 


400,000 






8* 


600,000 






12* 


1,000,000 






16» 



Above this in proportion to the population. 
These numbers include the filter beds out of use for cleaning. 

Form of Filter Beds in Plan. — As in the case of setthng 



Fig. 85. — Arrangement Ibr 
three filter beds. 



Fig. 86. — Arrangement for 
six filter beds. 



Fig. 87. — Ari'angement for 
eight filter beds. 



reservoirs, the form of filter beds in plan has often to be adapted 
to the shape of the available ground. When this is not the case, 
a rectangular form of plan is the commonest. When there are 
two or three filter beds they are commonly arranged side by side, 
as shown in Fig. 85, and it is generally most convenient to 
have the length greater than the breadth. The same applies to 
such numbers as 6, 8, and 12, as shown in Figs. 86, 87, 88. 

♦ With these numbers it will probably be necessary to have two or more 
filtering beds of 9 at a time for cleaning. 
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On the other hand, with such numbers as 4, 9, and 16, it 
is generally convenient to have square beds arranged, as shown in 
Figs. 89, 90, 91. 




Fig. SS.—Arrangement for Fig. 89.--Arrangeinent for Fig. OO.—Arrangement for 
twelve filter beda. four filter beds. nine filter beds. 

Roughly, in fact, the whole area covered by the filter beds 



Fig. 91. — Arrangement for sixteen filter beds. 

may conveniently approach a square, but in very many cases local 
circumstances will alter this form. 

Depth of Filter Beds. — The cost of filter beds increases 
very rapidly with the depth, and it should be said at once 
that in designing a filter bed it is desirable to make it as shallow 
as is consistent with efficient filtration. Some of the older 
forms of filter beds show extraordinary depths, as much even 
as 14 feet, and we have such successions of material below the 
water, and working downwards, as Harwich sand, hoggin, fine 
gravel, coarse gravel, and boulders. 

H 
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These great depths were adopted on account of two mis- 
apprehensions. First, it was thought necessary to have a 
graduated series of particles, from fine sand to gravel, lest 
the sand be washed away. Now it has been shown that so 
long as a moderate filtering speed is not exceeded, sand laid 
directly on gravel will not be washed away. Secondly, it 
appears to have been thought that there was some connection 
between the depth of water over the sand and the "filtering 
head." As will be seen presently, no such relation necessarily 
exists. 

Arrangement of Filter Beds. — Beginning at the bottom, 
a filtering bed consists of the following: — (1) the floor, (2) some 
draining arrangement, (3) a bed of sand, and (4) a layer of water. 
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Fig. 92. — Arrangement of drains of filter bed. 

The floor is commonly made of concrete, made watertight 
either by careful rendering in cement or by backing with puddle. 
For details as to thickness, &c., Plate XXV. may be consulted. 

Drainage Arrangement. — There is no diflSculty in efficiently 
draining away the filtered water. Even the crudest of methods — 
namely, that of filling the bottom of the filter bed with boulders, 
above which come broken stones, then gravel — is quite efficient, 
but what is wanted is an efficient method in itself inexpensive 
and taking up the least possible depth. 

This puts all methods that the writer knows of, except two, 
out of court. These two methods are those in which a bed of 
gravel, supporting the sand, is underdrained, in the one case by 
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a set of drains, in the other by a cellular brick false floor laid 
on the real floor. 

In the former ca^e the drains, of whatever section, will most 
naturally take the form shown diagrammatically in Fig. 92 — that 




Fig. 93. — Section of brick drain 
for filter bed. 



Fig. 94. — Section of brick drain for filter bed 
(another form). 



is to say, a main drain down the centre of the filter bed, with 
branches junctioning into it at right angles from either side. 

The drains are sometimes made of bricks, as shown in section in 
Figs. 93, 94, but stoneware pipes, such as are used for house 
drainage, are to be preferred. The size of the branch drains 
and their distance apart will be decided by the following 
considerations : — 

(1) In no case should there be more than G feet distance 




Fig. 95. — Cellular brick floor for filter bed (New River Company, London). 

between branch drains, otherwise certain parts of the filter beds 
will do appreciably more work than others, and the efficiency of 
filtration will be reduced. 

(2) The velocity of flow in the drain should not exceed 2 
or, at the very most, 3 feet per second. 

Whatever form or size of branch drain be adopted, there must 
be at least 6 inches of gravel over the top of it. 

The cellular brick floor, first adopted by Mr. Muir for the New 

H 2 
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River Company (London), is, in the writer's opinion, by far the best 
method of draining a filter bed. The arrangement of the bricks is 
shown in isometric projection in Fig. 95, and in section in 
Plate XXV. (Figs. 96 to 100). The bricks are covered with a 
layer of fine gravel, which need not be more than 6 inches deep. 

This method has the following advantages : — (1) it gives 
perfectly uniform drainage over the whole of the filter bed, (2) it 
takes up the least vertical space possible, and (3) it forms an 
arrangement as easily taken up for cleaning as possible. 

The sand bed, as constituting the actual filtering material, is 
naturally the item that needs the most careful attention. 

First, as to the sand itself. As has been said, the very finest 
sand is not the best. The coai-seness should be such that the 
separate grains are quite distinctly visible to the naked eye. The 
sand should be pretty uniform in grain, and sharp. Of course it 
should be clean,*^ but if dirty only in the ordinary sense when 
found, it is suflScient to wash it. The nearer an approach the 
sand is to pure silica the better.t 

The thickness given to the sand bed varies with different 
engineers. The actual filtration is done in a very thin film on the 
surface of the sand. When a filter bed has to be cleaned, it is 
necessary to remove only an inch or so of the upper surface of 
the sand. It might, therefore, appear that a very thin bed of 
sand only was necessary. There are reasons, however, for not 
having less than a fair thickness. Thus the very operation of 
cleaning would lead to the destruction of the bed were it very 
thin. Then it is the custom not to replace the film of sand that is 
removed for cleaning every time that this operation is performed, 
but to remove film after film till a foot or so has been removed. 
This is merely for the sake of convenience. On account of these 
various reasons, it would appear undesirable to have the sand bed 
of a thickness of less than about 2 feet 6 inches, and 3 
feet mav be said as about the standard thickness. 

Depth of Water over the Sand. — So far as the mere filtration 

♦ See note 9, Appendix II. 

t Beautiful sands for filtration are found in Japan. Two sands in particular, 
from Niijima and Shikene, in the District of Idzu, are the most perfect sands for the 
purpose the writer has ever seen. These are pure white sands with occasional little 
black spots. When looked at with a magnifier, the white grains are seen to be as 
clear and transparent as glass, and the black spots consist of magnetic oxide of iron ! 
There is so much of this that, if a magnet be swept only once through either of 
these sands, it will pick up quite a considerable tuft of the magnetic oxide. The 
sands contain (the writer believes) about 97 per cent, of silica. They were discovered 
by Mr. H. Yoshida about the year 1887. 
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goes, it is necessary to have only such a depth of water over the 
sand that it (the water) may be freely distributed over all parts 
of the bed, and it is evident that a very thin film of water would 
be sufficient for this. There are, however, certain practical con- 
siderations that make it advisable to have a depth of water much 
greater than is necessary merely to secure even distribution. 

Certain opinions that have been held with regard to the 
necessity for a considerable depth of water appear to be 
delusions. The fallacy of the impression that there is a direct 
relation between the depth of water over the sand and the 
filtering head has already been mentioned. It seems, however, 
to the writer that there is not much more reason in an opinion 
often expressed at the present time — namely, that there is a 
direct relation between the depth of the water of a filter and 
the amount to which it will be heated by the rays of the sun, 
the heat being greater the shallower the water. 

If the depth over the sand were such that the heat of the sun 
could not penetrate the water, there would be reason for such an 
assumption, as in this case the water would simply heat through 
the uppermost few feet, the heated water remaining stagnant and 
protecting the lower layers of water, which would remain cold and 
be distributed over the sand. This would, however, involve a depth 
of at least 7 or 8 feet, now never given to the water of filter 
beds. With the depths commonly given, and with water fairly 
clear, it is probable that the greater part of the heat of the sun's 
rays passes through the water, is absorbed by the sand, and is 
given up by the latter to the water, which becomes uniformly 
heated by convection. 

This being so, it is simply a case of time multiplied by depth 
of water, and the effect is the same whatever be this depth. 
Thus, for example, if there is 1 foot depth of water over the sand, 
it will, with a filtering speed of 8 feet in twenty-four hours, be 
exposed to the heat of the sun for three hours. If there be 3 feet 
of water, there will be three times the quantity to be heated, but 
it will be exposed to the sun for three times as long, or nine hours. 
General custom is, however, in favour of a fair depth of water 
over the sand, and there is the advantage of such depth, that it 
facilitates the filling of one filter, on first starting, with filtered water 
from others from below, as will be explained farther on. For these 
reasons the writer recommends a depth of water of about 3 feet. 

There must be a height above the water level of, say, 
6 inches for very small filter beds, to 1 foot or even 2 feet for 
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large ones. Thus the total depth of filter, according to the 
system here recommended, will be from 7 feet to 8 feet 6 inches. 

Form of Filter Beds in Vertical Section.— The floor 
of a filter bed may slope a little — say 1 in 100 to 200 — to the 
central drain and to the outlet, but this is by no means necessary, 
as it is the hydrostatic pressure of the filtering head that forces 
the water along the drains. The main central drain should be 
made of such a size that the velocity of flow of water in it is not 
more than 2 feet per second, or at the outside 3. TheoreticaUy 
it might be tapered from nothing at one end to the full size 
necessary to carry all the water, at the velocities mentioned, at the 
other, but practically no advantage will be found in this, and it 
is best made of the same size throughout. 

It is customary to ventilate the main central drain and the 
branch drains also, if the branch-drain system be adopted, by cast- 
iron pipes, about 3 inches in diameter, carried to the ground level. 
This ventilation is by no means necessary. It is intended to 
provide a free vent for the air on filling the filter beds, but 
the air will find its own way out without such special vents, 
particularly if the filling be done from below. The ventilating 
pipes can, however, do no harm. 

As in the case of settling reservoirs, the sides of filter beds 
may be either nearly vertical, or sloping. In case they are 
sloping, the slope may be very considerably increased beyond 
that permissible even with settling reservoirs, at any rate if the 
depth be kept as small as possible. Thus the slope of the sides 
of filter beds is often made as great as 1 vertical to 1 horizontal. 

The advantages and disadvantages of nearly vertical and of 
sloping sides are about the same in the case of filter beds as in 
that of settling reservoirs. 

It is commonly laid down that the area of filter beds with 
sloping sides must be taken as that of the bottom of the sand bed. 
The writer considers, however, that, if only a reasonable filtering 
head be allowed to begin with, it is quite permissible to take the 
area of the filtering bed as that at half the depth of the sand 
before skimming off* the surface for cleaning has begun. His 
reasons are that the whole of the actual filtration appears to be 
done in a very thin film of the uppermost part of the sand ; and, 
further, that not more than about a foot — less than one-half of 
the thickness mentioned above — of the sand should be removed 
without filling in again with fresh or washed sand. 
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Filtering Head. — This is the head of water necessary to force 
the water through the filter beds, overcoming the friction of the 
sand and of whatever draining arrangement is adopted. On it 
depends the speed of filtration, and it is therefore of the highest 
importance that it be accurately regulated. 

For the speed of filtration given above, the filtering head will 
be only a few inches when the bed is new, or when the sand has 
just been washed. It gradually increases, however, as the sand 
gets clogged. When it reaches about 2 feet 6 inches, or, at the 
outside, 3 feet, the filter bed needs cleaning, and the head should 
never on any account be allowed to exceed this latter figure, 
otherwise the sand will be inconveniently compacted, and very 
hkely fissured, allowing unfiltered water to pass. 

The cut shows diagrammatically the drain from a filter and 
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Fig. 101. — Diagram illustrating the filtering head. 



a filter well. The level of the water in the filter well is that of 
the highest water in the clean-water reservoir 2)1x18 the small head 
necessary to drive the water to this reservoir. The difference in 
level of this water in the well and that in the filter bed — that is to 
say, A — is the " filtering head." 

Were the arrangement merely that shown diagrammatically in 
the cut, there being no check for the water between the filter and 
the filter well, the action would be most imperfect. At first the 
water would flow through the filter with impetuous velocity, the 
filtering head being chiefly absorbed by the draining arrangement, 
and the filtration would be very ineflScient. Soon the filter bed 
would clog, the velocity would be reduced, and the sand would 
get compacted, or very likely fissured. 

The commonest arrangement for controlling the flow is merely 
a sluice valve between the filter bed and the well, which is opened 
more or less, as may appear necessary. As, however, the friction 
of the bed is constantly varying, this arrangement is most 



104 THE WATER SUPPLY OF TOWNS, 

imperfect, it being impossible to so regulate the opening of the 
valve that the flow can be kept uniform. 

It is necessary to have some arrangement for regulating 
accurately the filtering head, and to have such ai^angemetit 
attached to eachjilter. 

Writing of this matter in 1866, Mr. James P. Kirkwood, 
C.E.,* says :— 

" The English filters are all deficient as regards any arrange- 
ment for measuring " (or regulating) " the precise flow from each 
filter, or the precise " (filtering) " head of water on each filter 

while it is in action In London, where the service of each 

company is efiected by steam power, the daily or hourly delivery 
of the pumps forms the measure of the amount of water flowing 
through the filters. The engineer knows by this means when the 
filtering area is too small, because, in that case, the pumps are 
ineflSciently supplied ; and he would know if the water was passed 
through the filter too rapidly by the want of that perfect clear- 
ness that an efficient filtration always produces ; but of the 
separate action of each individual filter bed he is ignorant, except 
by guess. The attendant can see when the filter bed has ceased 
to operate by its ceasing to pass the water thrown on it, and he 
can see when it passes the usual amount too rapidly, and can 
check this tendency by lowering his stopcocks and allowing the 
water to lower upon the filter bed; but his judgment may 
frequently be at fault in both cases, and there ought to be some- 
thing more than the instincts of an intelligent labourer to regulate 
points of so much practical bearing on the proper working of 
those filter beds, as the varying amount of water delivered upon 
them, and the constantly varying head, required to pass that 
water under the changing conditions of the sand bed." 

Filling Filter Beds from below with Filtered Water. 

— When filtering plant is first started, it is generally necessary to 
fill the filters cautiously from the upper side with unfiltered 
water, but once filtration has started, the beds should be filled 

* "Report on the Filtration of River Waters, for the Supply of Cities, as 
practised in Europe, made to the Board of Water Commissioners of the City of St. 
Louis," by James P. Kirkwood, C.E. (New York : D. Van Nostrand). This book— 
although dated 1869, and describing investigations made three years before that 
time — is the most complete, and in many ways the best, work on sand filtration of 
water that the writer knows. Most that has been written in text-books, encyclo- 
pesdias, dictionaries, <fec., since the above-mentioned date, on sand filtration, is 
simply a repetition of what is in this report, generally used without acknowledgment 
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from below with filtered water. The reason is that otherwise 
the filtering speed is not in any way under control till the water 
has reached a level a little over that of the surface of the sand. 
The water simply spreads itself over the sand in the immediate 
vicinity of the inlet orifice, and then sinks through the bed at 
whatever speed it may, there being no control at all over this 
speed, so that the first water sent into the filter bed after clean- 
ing is always imperfectly filtered. By filUng from below with 
filtered water from the other filters this difficulty is overcome. 
Immediately that the water covers the sand for a depth of 2 or 
3 inches, water may be admitted in the usual way. 

There are several devices for regulating the filtering speed of 
filtering beds accurately, some of which also provide for filling 
from below. Plates XXVI., XXVII., XXVIII. and XXIX. 
illustrate several such arrangements. The first, shown in Plate 
XXVI., Figs. 102 to 105, is that of Mr. J. P. Kirkwood. It is 
exceedingly simple. It consists merely of a sluice, s, that can be 
lowered so as to allow the water to flow over its top. By 
adjusting it from time to time so as to keep the depth of water 
over its top constant, the flow of water remains constant. After 
the water has been drained off*, and the filter has been cleaned, 
it might be filled up from below by entirely lowering the sluice, 
when the water would " back up " the " gathering drain " from the 
" conduit to clear- water well ; " the water, of course, actually 
coming from the other filters. 

The next arrangement illustrated is that of Mr. Henry 
Gill, M.I.C.E., who has successfully employed it in connection 
with the Berlin waterworks. It is thus described by Gen. A. 
De a Scott ^ (see Fig. lOG, Plate XXVII.) :— 

" Three small chambers had been constructed which he should 
call A, B, and c. a abutted against the outside wall of the 
filter, B abutted on the outside wall of a, and c on that of b, 
so that the chambers formed a row extending outwards from the 
filter. A pipe passed through the wall common to a and the 
filter, the mouth being just above the bed of the sand. The pipe 
after entering a was bent upwards and carried through the roof 
of A into a room built over a and b ; floats and rods were 
fitted to that pipe, to a second pipe in a open to the water, and 
to a similar pipe in chamber b. In the wall of a, common to 
the filter, and at the floor level, was an aperture opening into the 

* Proceedings of Institution of Civil Engineers^ vol. c, page 292 et seq. 
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latter at its base, and through which filtered water was free to 
pass. 

**In the wall of a coinmon to b, and also at the floor level, 
was an opening into b that could be closed wholly or partially by 
a sluice shutter worked in the upper room. In the wall separating 
B and c was formed an aperture rectangular in elevation, with its 
sole about 1 metre 56 centimetres (5*12 feet) above the floor of 
chamber b, and opening into c. To that aperture, and flush with 
the face of the wall in b, was fitted a brass or gun-metal plate 
with bevelled edges. A pipe, controlled by a sluice valve, passed 
at floor level from chamber b to chamber c, and gave the means 
of flushing out a and b when necessary. In c were outlets con- 
trolled by valves, and by which water passed to the filtered water 
or to waste, as the case might be. 

** The object of the whole arrangement was to enable a constant 
head of water to be maintained in chamber b, on the thin-lipped 
rectangular orifice, in the metal plate already referred to, and 
thus to secure a constant discharge from the filter. The constant 
head on the orifice was secured by the action of the shutter at 
the bottom of chamber a, regulated by the readings of the gauge 
rods and floats in chambers a and b. 

*' The flow of water to the filter was also regulated by a sluice- 
valve, which was automatically controlled so as to automatically 
maintain a constant depth of water on the filter. As the filter 
became gradually foul, the flow through the material would 
gradually decrease, but by adjusting the valve in a so as to 
increase the aperture into b, the charge on the metal plate could 
be kept up, and also the water in a would fall, giving a greater 
head on the filter required to maintain the normal rate of flow 
through the sand. At last the water level in a would fall to the 
normal level of that in b, when the regulated flow through the 
orifice could no longer be maintained. The supply was then shut 
off and the filter cleaned. The work of regulation was carried 
out with perfect ease and certainty, and the rate of flow through 
the orifice was not allowed to exceed 2 gallons per square foot 
per hour, or 432 gallons per square yard in twenty-four 
hours." 

Nothing is said in this description of means of filling the filters 
with filtered water from below, but Mr. Gill is well known to be 
an advocate for so filling filters, and any engineer will be able 
readily to design means whereby with this ** three chamber " 
arrangement water could be run under the sand to fill the filters. 
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The next system illustrated is a very simple one, by the use of 
telescopic tubes. It is shown in Plate XXVIII., Figs. 107 to 113.^* 

The arrangement of having all the telescopic tubes from three 
(or more) filter beds in one filter well was designed by the writer, 
but he does not know that it has not been used before. It lends 
itself conveniently to the filling of the filters from below. The 
arrangement is so simple that a very brief description will suffice. 

A, B, c are pipes from three filter beds. Each is turned 
upwards, and terminates in a trumpet-mouthed pipe within the 
filter well that can be raised or lowered by a screw. It is not 
essential that the joint between the trumpet-mouthed pipe and 
the one on which it slides be absolutely watertight. For this 
reason no packing is used, but the pipes are made to slide " brass 
to brass." e leads to the clean- water reservoir, and the level of 
the surface water shown in the filter well is that of the highest 
water level in the clean-water reservoir plus the small head 
necessary to cause the water to flow to that reservoir. 

It will be evident that, if a trumpet-mouthed pipe be lifted to 
such a height that its upper lip is level with the water in the 
filter bed, or above it, no water will flow through the filter but the 
small quantity that may leak through the sliding joint. On the 
other hand, if the pipe be lowered, the water will overflow the 
trumpet mouth, and the discharge will be greater the more the 
pipe is lowered. By causing the height of the surface of the out- 
flowing water over the lip of the trumpet mouth to remain 
constant the discharge remains constant. A very simple form of 
gauge may be attached to the trumpet mouth, with an indication 
of the height above the lip to which the water should rise. 

It will readily be understood that, when a pipe has been 
lowered to such an extent that the difference in level of the water 
in the filter bed and that of the lip of the pipe amounts to the 
maximum filtering head that is to be permitted (say 2 feet 
6 inches), the filter needs to be cleaned. The supply to it is 
stopped, and the w^ater is allowed to flow away by the telescopic 
tube till the rate of flow becomes so slow that it is not worth the 
time necessary to allow the rest of the water in the filter bed to 
pass through the sand. The telescopic tube is then raised, and 
the drain pipe d, f, or at is opened to allow as much of the 
water to flow to waste as is necessary. 

♦ A slight modification of the arrangement designed by the writer for the 
Nagasaki waterworks. 

t In the plate these drain pipes are shown smaller than they should be. 
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When it becomes necessary to fill the filter bed again from 
below, the corresponding telescopic tube is lowered as far as pos- 
sible, and, if need be, the water flowing from the other filter beds is 
made to " head up '' in the well by partially closing the sluice valve e. 

Figs. 114 to 119, Plate XXIX., illustrate a scheme designed 
by the writer in 1888 for the Tokyo waterworks, and afterwards 
adopted in the Osaka and other waterworks. The object of this 
arrangement is to do automatically what is done by hand in the 
case of the telescopic-tube system of Plate XXVII. Figs. 118 
and 119 show the general arrangement, and this will be readily 
understood if it is perceived that, when not either opened or 
closed by hand, the valves a, b and c are of such a nature that 
they automatically maintain a constant discharge of water through 
them, whatever may be the difference in the pressure at the en- 
trance side and at the deUvery side, so long as the difference does 
not fall below a certain small minimum. 

The valve is shown in detail in Figs. 114 to 117. The 
working drawings were made by Mr. J. Sakamoto from hand 
sketches by the wTiter. 

The valve depends in its action on keeping a constant differ- 
ence of pressure on the two sides of the diaphragm a, which has a 
circular opening in the middle of it. A constant difference of 
pressure in such a case results in a constant discharge. 

The action is as follows. The water enters at h and flows 
through the balanced valve c e, an outside view of which is 
shown in Fig. 117. It will be seen that water can pass the valve 
when its position is at all lower than that shown in Fig. 114, and 
that the lower the valve falls the freer will be the flow. 

At starting the position of the valve will not be that shown in 
the drawing, but the valve will be resting on the bottom of the 
cast-iron casing. The water flowing through the valve first meets 
considerable resistance at the diaphragm, because the area of 
cross-section of flow is there first contracted, and there is produced 
a difference in pressure between the water within the valve-casing 
and that without. As the piston d is in free communication with 
the inside of the casing on its lower surface, with the outside on 
its upper, the result of an increase of the pressure on the lower 
side, as compared with that on the upper, is to raise the piston, to 
reduce the flow of water through the valve c c, and to reduce the 
difference of pressure on the two sides of the diaphragm, and con- 
sequently on the inside and the outside of the valve-casing, and on 
the two sides of the piston. Thus a balance is reached, and the 
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piston and valve remain in a constant position, passing a constant 
quantity of water, unless the difference of head at a, and at h 
the outlet, changes, when the piston immediately adjusts itself 
to a new position, and the discharge becomes again constant, and 
the same as before. 

The pressures dealt with are very slight, and there is no reason 
that either the valves c c or the piston d be absolutely watertight. 
The friction may, therefore, be reduced to something quite inap- 
preciable. It might, perhaps, be an advantage to turn rectangular 
sectioned grooves in the piston, but it has not been found necessary. 
In practice a small leakage hole has to be made at cZ, through 
the web of the piston, to allow air to escape which would otherwise 
interfere with the action of the valve. 

The necessary flow of water being known, the required diameter 
of aperture in the diaphragm may very easily be found by a simple 
calculation after the other parts of the valve have been weighed. 
The whole piece constituting the piston, the balance valve, and the 
spindle that is rigidly attached to both, is weighed in water. Then 
taking 

tv = this weight in lbs., 

a = the area of the piston in square inches, 

p = the difference of pressure on the two sides of the diaphragm in lbs. 

w 

and it is only necessary to apply the formula for the flow of water 
through openings in thin plates to find the aperture necessary to 
give the flow needed with this difference of head.* With a design 
similar to that given, p will be found to correspond to a head of 
only a few inches of water, say never over 6 inches. 

It has been found that even great differences of head at the inlet 
to this valve do not result in any appreciable change of discharge. 
Indeed, even if a vertical glass tube, acting as a delicate gauge of 
the pressure of the water, be connected with the space within the 
casing, with which the under side of the piston is in communication, 
no difference of pressure is observable on varying the head at a 
between wide extremes, unless it be varied very suddenly, when the 

* The writer did not know, when he designed this valve, that a very similar 
valve had been designed by the late Prof. Fleeming Jenkin a number of years ago 
for a different purpose. The general principle — that of causing what is, to all 
intents and purposes, a reducing valve, to produce a constant difference of pressure 
on the two sides of a thin plate with an opening in it, and thus to produce a 
constant discharge — has, as a matter of fact, often been made use of, but the writer 
does not know that the principle has before been applied to regulating the flow of 
water through Alter beds. 
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inertia of the piston and attachments results in a momentary 
change of pressure. The change of discharge varies, moreover, only 
as the square root of any change in pressure that there might be. 

When the filter bed becomes so foul that the friction absorbs 
so nearly the whole of the filtering head — that is to say, the whole 
of the difference in level of the water in the filter well and the 
filter bed — that there is not sufficient spare head to support the 
weight of the piston with its attachments, this latter suddenly 
drops on the cast-iron casing. Its so dropping shows that the 
filter in connection with this particular valve needs cleaning. It 
would be easy to add to the apparatus an indicator that would 
show conspicuously when the piston had dropped. 

The piston having dropped, the process of draining the filter 
bed for cleaning the filter is very nearly the same as with tele- 
scopic tubes. The water is shut off from entering the filter bed, 
and what is in it is allowed to flow through the now completely 
open valve, till the discharge becomes so slow that it is not worth 
the time that would be necessary to save the rest of the water. 
The valve is then raised by hand, by the screw e, so as to close it, 
and the water is drained from the filter by one of the draining 
valves, D E F, till it is as low as is necessary for the cleaning of 
the filter bed. After cleaning the valve is forced doivnwards by 
the screw e to open it, when the filter will begin to fill again from 
below. If necessary, the valve G is partly closed, so as to make 
the water " head up " in the filter-well, to increase the velocity of 
flow into the newly cleaned filter-bed. Whenever the sand has 
been covered with water a few inches deep, the admission valve is 
opened, and unfiltered water flows over the filtering sand in the 
usual way. When the level of the water over the sand rises to 
that in the filter-well, the screwed spindle is so adjusted that the 
valve is under control of the piston only, and, from that time, the 
discharge is, once again, automatically regulated. 

Admission of Water to Filter Beds. — The water must 
be admitted to filter beds in such a way that the sand will not be 
disturbed. Sometimes the main central drain is built up to form 
a longitudinal channel above the level of the surface of the sand, 
and the water is allowed to flow into this channel, whence it 
spreads itself over the sand. This arrangement has the objection 
that it occupies a very considerable area which would otherwise 
be available for filtration. 

Sometimes a channel is made in the thickness of the wall of I^^iek 
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the filter bed, contouring it at a level just above the sand surface, 
and having numerous openings into the filter through which water 
enters it. This arrangement certainly secures a very even dis- 
tribution of the water, and is not open to the objection mentioned 
in connection with the others described, but it seems unnecessarily 
complicated. The simple bell or trumpet mouthed pipe, shown in 
Plate XXV., has been found to be quite efficient, if the sand, for 




Figs. 120 and 121. — \i\\w lor regulating flow of water (in section and in |»lan). 



two or three feet around it, be covered with bricks, tiles, or stones, 
to prevent the rush of water from washing it away. The area of 
filter bed thus taken up is but trifling. The Plate illustrates two 
filter beds, one with slojDing sides, the other with vertical walls. 

The discharge into filter beds is commonly regulated by sluice 
valves, but there are various reasons why it is preferable to use an 
automatic valve to keep the water at a constant level in the filter 
bed. Such a valve is less needed if the automatic discharge- 
valves just described are used, than if the filtering head is 
regulated in any other way, as these valves compensate for varia- 
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tion of head on either side. Still, even with these such an auto- 
matic arrangement is advisable. 

Valves for so regulating the flow of water into a reservoir that 
the level will remain nearly constant are articles of commerce, and 
scarcely need description. Such a valve is illustrated in Figs. 
120 and 121. It will be seen that it is, in fact, merely the 
familiar " ball valve," whereby the discharge of water into cisterns 
in houses is regulated, only that it is on a large scale. 

There may be one such valve for each filter bed, but the writer 
prefers an arrangement whereby its water is admitted to one well, as 
shown at a, Plate XXXV. (p. 144), through a valve on the principle 
illustrated by Fig. 120. This valve secures a constant water level 
in the well, and, the sluice valves between this well and the filter 
beds in action being full open, the water level in each filter bed 
may be considered as being at the same level as that in the well, 
spite of the fact that there is a slight loss of head between the 
well and the nearest filter bed, and a greater loss between it and 
those that are somewhat more distant. If there are more than 
four filter beds, it will probably be an advantage to have one ** dis- 
tribution well " with automatic valve for each three or four beds. 

Cleaning of Filter Beds. — As has been said, the cleaning 
of a filter bed, at ordinary times, consists chiefly in removing a 
thin layer of an inch or so of the sand from the upper surface. 
Various details, however, have to be considered. The first of 
these is the quantity of water that is to be run off: It will be 
evident that merely to remove the upper film of sand it is neces- 
sary only to let the water run off to a level immediately below 
this film. Sometimes this is all that is done, but it is believed 
that there is a distinct advantage in running the filter dry ; as, if 
this is done, a certain amount of oxidation of the whole sand bed 
is supposed to take place, this oxidation being beneficial to the 
after purification of the water. 

However this may be, it is advisable, after removing the 
surface layer of completely clogged sand, to stir up and loosen, 
with a fork or other pronged instrument, a depth of eight inches 
to a foot of the upper surface of the sand. The water should be 
run off to a level at least below this depth. 

To replace the thin layer of sand removed at every single 
cleaning of this kind would involve too much labour; and it is 
customary to allow a foot or so of the thickness of the sand to be 
thus removed in parings before it is replaced. 
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Occasionally clean sand is so near at hand, and so readily and 
cheaply got, that the dirty sand may be thrown away altogether ; 
but this is rarely the case, as, even if sand is as cheap as may be, 
it is seldom in such condition that it is not improvable by washing, 
and it takes little or no more trouble to wash the sand that has 
already been used than to wash new sand. 

The sand that has been removed for washing from filter beds 
is always more or less foul, and often smells badly, sometimes 
having a peculiarly offensive "fishy " smell.* It can, however, be 
effectually cleaned simply . by thorough scouring with water, 
which ought to have been filtered. 

Various contrivances have been invented for washing sand 




Fig. 122. — Sand- washer. 

One of the most popular is illustrated in Fig. 122. Dirty sand is 
shovelled into the upper part of this contrivance, water is turned 
on from below, and is allowed to flow till that leaving the upper 
receptacle, at first thoroughly dirty, becomes quite clear, when 
the now purified sand is removed, and another lot is treated. 

The next illustration (Figs. 123 and 124) shows Walker's patent 
sand- washing apparatus. The writer has no practical knowledge 
of the working of this machine, but has heard it highly praised by 
those who certainly had no interest in its sale. The washer, as 
will be seen, is hopper- or funnel-shaped, and is hung on trunnions. 
Water is admitted by a rubber pipe, c, connected with the main 
at the lower end, and, during the washing, escapes by the spout, 
B. The rubber pipe permits of the tipping of the vessel, without 

♦ See note 10, Appeudix II. 
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making any disconnection with the main. When the water comes 
off clear, it is an indication that the sand has been sufficiently 
washed; the flow is stopped, and the hopper-shaped vessel is 




Figs. 123 and 124. — Walker's patent sand- washing apparatus. 

tipped over in the direction A, the sand being received in a 
wheel barrow or truck. 

These sand- washers are made in " batteries," a trunnion frame 
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Figs. 125, 126 and 127. — " Canal " sand- washer (in plan and sections). 

being, in this case, common to the hopper-shaped vessel on each 
side of it, except at the two ends of the battery. 
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Another arrangement, still more simple than this, consists of a 
short, narrow, shallow canal, as illustrated in Figs. 125, 126 and 
127. Water is allowed to dow continuously into the canal at a, 
whilst dirty sand is continuously introduced at the opposite end 
B. . This sand is raked by hand towards a, and from a is 
continuously removed. A canal of about 30 feet long will, with a 
flow of water not likely to wash away the sand, readily serve for 
waterworks with a population up to 100,000. For larger works, 
larger canals may be made, or several may be used instead of one. 
The flow of water, the feeding with sand, and the rate at which 
the sand is raked along the bottom of the canal should all be so 
regulated that, whilst no sand is washed away at the end b, no 
visible dirt is washed out of the sand for several feet before it is 
raked up to a. 

Such is the routine of cleaning the sand of filter-beds ; 
but, besides this, at long intervals, varying from six months to 
several years, according to the nature of the water — and probably, 
also, somewhat according to that of the sand — ^the whole of the 
material constituting the filter-bed, right down to the floor, should 
be removed and be thoroughly cleaned. 
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CHAPTER XIII. 

Purification of Water by action of Iron— Softening of 
Water by action of Lime — ^Natural Filtration. 

The principles of these processes have already been described, 
It only remains to give a short description of the way in which 
they may be used in practice. 

So far as the use of iron is concerned, it would appear that 
until recent years, it was believed that the action of oxides of 
iron — such as magnetic iron oxide, for example — was the same as 
that of metallic iron. It would now appear that, although both 
have the effect of purifying water containing organic matter in 
solution, the action is different in the two cases — may, in fact, be 
described as diametrically opposite — for magnetic oxide of iron 
seems to act as an oxidizer, metallic iron is a reducer. 

Use of Magnetic Oxide of Iron for Purifying Water.* 
— Magnetic oxide of iron, in a fine state of division, may be used 
as a filtering medium, either alone, or mixed with sand. Its 
expensiveness has led to the practice of mixing it with a certain 
proportion of sand. The following is a quotation from a pamphlet 
issued by a company that sells, byname of " Polarite," a substance 
professing to be a porous magnetic oxide of iron. Of the use of 
this substance the writer has had no experience, but he has both 
read and heard good reports of it : — 

"The polarite bed, including layers of sand and gravel, need 

never exceed three feet in depth The granules of 

polarite being very porous, water filters through them as well as 
around them. Hence about twice the quantity of water will filter 
in a given time through a polarite bed than through an ordinary 
sand filter-bed of the same size .... At the same time 
polarite .... will do what sand cannot do ; will purify 
water by oxidizing the . . organic matter in solution, and 

* See note 11, Appendix II. 
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making them innocuous . • . . A good plan of a polarite filter is 
to place at the bottom rows of three-inch or four-inch agricultural 
drain tiles at suitable distances apart, filled in between with large 
shingle or broken stones, then a layer of gravel four to six inches 
thick, above that four inches of sharp coarse sand, then polarite 
mixed with sharp, coarse sand in proportion to suit the quality of 
water to be purified, but so as to form a layer twelve inches in 
thickness; and lastly at the top nine to twelve inches of sand, 
making a total depth of filter of two feet nine inches to three feet 
two inches. Space must be provided above the sand for a 
sufficient depth of water according to the speed of filtration 
required.* Such a filter will effectually purify from 100 to 
1,000 gallons a square yard in twenty-four hours, according to the 
quality of the water to be purified. Every square yard of filter 
should contain about 360 pounds of polarite .... The top 
layer of sand acts as a strainer and arrests floating particles sus- 
pended in the water. . . . The lower layer of sand merely 
acts as a cushion to keep the finer particles of polarite from being 
washed out of the filter." 

Use of Metallic Iron for Purifying Water. — The theory 
of the action of metallic iron on water which contains organic 
matter in solution has already been touched on. Professor Gustav 
Bishof has the chief credit of introducing the use of metallic iron 
for the purification of water, and to him is due the application of 
" spongy iron." On a small scale, for domestic filters, this sub- 
stance has been highly successful. It has also been used with 
some success on a large scale. The water is first filtered through 
sand to remove ordinary matter in suspension ; it then passes 
through a layer of spongy iron ; when it is exposed for some time 
to the action of the air to reduce any iron dissolved to an insoluble 
oxide of iron, that can be removed by a second sand-filtration. 

Spongy iron was thus used by Mr. WiUiam Anderson, 
M.Inst.C.E., for the Antwerp waterworks, and its effect, so far as 
purification was concerned, seems to have been excellent ; t but 
after a time there was trouble on account of the clogging up — the 
rusting up^ in fact — of the layer of spongy iron. 

These difficulties caused Mr. Anderson to search for some way 
of utilizing the remarkable effect of the action of metallic iron on 

♦ There would seem to be some confusion, here, between the depth of water 
over the sand and the filtering head. 

t FroceedingB of the InstUtUion of Civil Engineers^ vol. LXii., pp. 24 e« seq, 
X See note 7 (to page 81) in Appendix II. 
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organic matter dissolved in water that would not carry with it the 
objections that there were in the filtering arrangement just 
described. The method ultimately adopted, which appears to 
have practical advantages over any others in which iron is made to 
act on water, was the outcome of a suggestion by Sir Frederick 
Abel, K.C.B., F.R.S. It consists simply in vigorously churning 
up the water for a comparatively short space of time with metallic 
iron in a fine state of division. 

The following is an abstract of the description of the apparatus 
used by Mr. Anderson :* — 

A wrought-iron cylinder, four feet six inches in diameter by 
six feet long, was arranged to revolve on hollow trunnions, and was 
fitted up internally with six shelves or ledges, to scoop up the 
charge of iron placed inside, and shower it down continuously 
amidst the water flowing slowly through. The inlets and outlets 
were at first two inches in diameter, the intention being to purify 
at the rate of twelve gallons per minute, which would give the 
supposed necessary contact of water with the iron for forty-five 
minutes. The cylinder was charged with nine hundredweight of 
iron, and set revolving at the rate of one-third turn per minute. 
The trial showed that vastly too much metal was being taken up 
by the water ; the rate of flow was therefore increased to thirty 
gallons per minute, when 1*2 grains of iron per gallon was dis- 
solved; and then to sixty gallons, when 0*9 grain was taken up, 
a quantity still far in excess of what experience showed to be 
suflScient. New trunnions with four-inch pipes were fitted to the 
cylinder, and the apparatus was put to regular work at the rate of 
166 gallons per minute, giving a contact of three-and-a-half 
minutes only, which proved to be amply suflScient to purify the 
water. It was found that about 0*1 grain of pure iron per gallon 
only was taken up by the water. 

The great advantage of using iron in the way described arises 
from the fact that the surfaces of the material are always kept 
clean and in an active condition by rubbing against each other 
and against the inner surfaces of the cylinder that contains them, 
as well as by continually falling through the mass of water. It is 
found that iron in almost any divided form is suitable for the 
process. The most active agents are cast-iron turnings — on 
account, no doubt, of the way in which each particle is cracked 
and fissured ; next, probably, comes spongy iron ; then cast-iron 

♦ Proceedings of Institution of Civil Engineers, vol. Lxxxi., p. 280, et seq. 
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granulated by being poured into water ; and lastly, wrought-iron 
and steel turnings. 

The unexpected discovery that the time of contact between 
the iron and the water could, in practice, be reduced to one-twelfth 
of what had been held necessary, completely changed the aspect of 
affairs. At Antwerp it was decided to convert the spongy-iron 
filters into sand beds, and the arrangement shown in Plate XXX. 
(Figs. 128 to 131) was adopted for purifying the water with iron. 
The apparatus consists of three revolving purifiers, together 
capable of dealing with 1,500 gallons per minute (2,160,000 gallons 
per day), a small wall engine and line of shafting for driving them, 
and a tank fitted with a fine screen for separating coarse particles. 

Each purifier consists of a wrought-iron cylinder, 5 feet in 
diameter by 15 feet maximum length, supported longitudinally on 
hollow trunnions 10 inches in internal diameter, fitted with stufling 
boxes, through which the inlet and outlet pipes pass. 

For scooping up the iron and showering it down through the 
water, the inside of the cylinder is fitted with five curved ledges, 
8 inches deep, and one ledge 6 inches deep, the latter formed of 
twenty blades 6 inches long, each attached to a f -inch shank, 
which passes through the cylinder, and is secured to it by a nut. 
The object of this arrangement is to give the means, by placing 
the blades askew, of throwing the iron back towards the inlet end 
of the cylinder, if the current of water passing along should tend 
to make it travel towards the outlet. 

The inlet-pipe, where it opens into the cylinder, is covered by 
a disk of iron-plate 2 feet 8 inches in diameter, fitted within 
f inch of the spherical end, so that the entering water is compelled 
to spread out radially in all directions into a disk f -inch thick. It 
having been ascertained that a velocity of 4 inches per second was 
incompetent to move any but the finest iron in a vertical tube the 
outlet pipe was expanded, inside the cylinder, into an inverted 
bell-mouth, of such diameter that the current upward would not 
exceed 4 inches a second. Experience shows that the iron has 
very little tendency to move bodily along the cylinder in the 
direction of the flow of water, the feeble current of only about 
f -inch per second having little or no power to move it. 

The three revolvers are placed side by side and connected, on 
the inlet side, by 10-inch branches, fitted with sluice cocks to the 
20-inch delivery main. The outlet pipes all open into a wrought- 
iron tank, 15 feet long, 3 feet 6 inches wide, and 3 feet deep, fitted 
with an inclined screen, covered with galvanized wire netting, 



120 THE WATER SUPPLY OF TOWNS. 

four meshes to the inch. The object of this screen is to catch the 
large quantity of moss and other impurities which, especially in 
summer, form in the inlet pipes and, becoming detached, find their 
way to the filter-beds. It is noteworthy that no such growths 
take place after the water has been purified. 

The driving-gear consists of an annular spur-ring secured 
round one end of each cylinder, and driven by a train of gearing 
working on a self-contained frame, driven by a 2^-inch belt driven 
from a lay shaft, coupled direct to the crank shaft of a wall engine, 
having acyhnder 6^-inch diameter, 9-inch stroke. The total weight 
of each revolver, filled with water and with its charge of 22 cwt. 
of iron, is 14 tons, 6 cwt., and the power necessary to drive it at 
the rate of one-third of a revolution per minute is 0*4 H.P. 
The total capacity of the three revolvers is 15,000,000 gallons 
per week.*^ 

The cost of the establishment in England would be, including 
a house. £2,300, while the cost of working, after allowing 5 per 
cent, deterioration of the building, and 10 per cent, for that of the 
machinery, together with 5 per cent, interest on the outlay would 
be 9.<f. 9c?. per milUon gallons ; t the cost in wages and materials 
alone amounting to 26'. 6cZ. per million. The total quantity of 
iron in use is less than 3^ tons. Had the original filter beds 
been extended so as to do the same work, the weight of iron in 
them would have been 1,800 tons. The iron dissolved per week 
is about 2 cwt. 

The water supplied to the town is reported to be exceptionally 
bright and clear, so that no doubt need exist as to the success of 
the new method of purification. 

This is the end of the abstract of Mr. Anderson's interesting 
paper. It is to be understood that the water needs to be treated 
in the usual way by sand filtration after this treatment with iron. 
The iron is filtered off in the form of an insoluble oxide, and the 
whole or a great part of the carbonates are also removed, so that 
this process does not only purify the water of dissolved organic 
matter and remove or kill or paralyse micro-organisms, but also 
serves to soften it to a great extent. 

Softening Water by the use of Lime. — As has already 
been stated, in the original process of Clark, a certain quantity of 
lime-water — or sometimes of a milky mixture of lime held in suspen 

* About 343,400 cubic feet in twenty-four hours. 

t Somewhat less than three farthings per 1,000 cubic feet. 
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sion, but only partly dissolved in water — was added to the water 
to be softened in reservoirs, the resulting insoluble carbonate of 
calcium, which was in a fine state of division, being allowed to settle. 

The objections to this arrangement were the long time taken 
for settlement, and consequently the large reservoir capacity that 
it was necessary to provide. This would not hold good where 
large settling reservoir capacity was needed for other reasons, as 
the lime could be mixed with the water before it entered the 
settling reservoirs, and the settlement of the calcium carbonate 
might take place along with that of the other suspended matter. Of 
late, however, various successful eflforts have been made to soften 
water by a continuous process, without the use of large reservoirs. 

In the Minutes of Proceedings of the Institution of Civil 
Engineers, vol. xcvii., there is a paper by Mr. W. W. 
Fitzherbert Pullen, C.E., on *' Water-softening and Filtering 
Apparatus for Locomotive Purposes, at the Penarth Dock 
Station, near Cardiff, of the Taff Vale Railway Company." 

The paper first treats very ably of the theory of water soften- 
ing, and then goes on to describe an apparatus for continuous 
softening, that may, if it be desired, be worked under pressure. 
The apparatus described, although intended for softening water 
for use in locomotive boilers, could undoubtedly be applied to 
waterworks, certain modifications in design being, of course, 
introduced, if the works were on a large scale. Many cases are 
imaginable in which it might be of advantage to soften the water 
under pressure. 

The part of the apparatus first described has, for its object, 
merely the production of a thoroughly saturated solution of 
caustic lime. Calcium hydrate (CJd) is only slightly soluble in 
water, and has the somewhat unusual property of being less 
soluble in hot than in cold water. At ordinary temperatures, its 
solubility is very fairly constant, and may be taken to be about 
equivalent to one part of quicklime in 700, about 10 grains in 
the lb., or about 1^ oz. in the cubic foot. In all water-softening 
arrangements, the quantity of lime that is to be used must 
be accurately adjusted. If too little lime be added, the water 
is not suflSciently softened ; if too much be added, there will be 
calcium hydrate in the water, which besides again hardening the 
water will be otherwise objectionable. Hence the necessity, if a 
saturated solution of lime is relied on as a standard solution, of 
using some arrangement that will insure complete saturation. 

The apparatus described in the paper referred to, and shown in 
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Fig. 132, Plate XXXI., for producing saturation, consists essen- 
tially of three vessels, in the first of which water and dry lime 
are mixed, and in the other two of which the " cream " thus 
produced is thoroughly churned up with part of the water to be 
softened, the arrangement being such that a saturated solution 
of hydrate of lime, but no undissolved lime, passes from the third 
vessel. Fig. 133, Plate XXXI., shows a section of two more 
tanks, in which the final softening takes place. These are each 20 
feet high, 7 feet in diameter, and are constructed of f -inch plates. 

The following is an abstract of a part of the paper referred to, 
describing the process of softening : — 

The saturated lime water is allowed to enter the left-hand 
vessel at the bottom, near to where the hard water to be softened 
is entering. Here the chemical action takes place, and precipitation 
begins. The water and lime solution gradually rise in the tank, 
the course of the water being indicated by arrows in the figure ; 
some of the precipitated calcium carbonate sinks through the 
slowly rising water, and finally rests upon the platforms, which 
are so arranged that very little of the precipitate reaches the 
bottom of the tank. The water flows from the left-hand tank, 
through the pipe marked " connecting pipe," to the bottom of the 
right-hand tank, where it slowly rises, passing between the plat- 
forms as represented by the arrows. Here the precipitation is 
completed, the insoluble calcium carbonate sinking through the 
liquid being caught by the platforms, as in the case of the left- 
hand tank. The precipitate resting upon the platforms is un- 
affected by the very slowly-rising stream of water, for the stream 
is deflected by the under-side of the platforms. The softened 
water passes out of the top of the right-hand tank. 

Over each platform in each of the tanks (but shown in the cut 
only in the case of the left-hand one), is a pair of paddles, or 
rinsers, attached to a vertical shaft. When it is required to clean 
or scour the precipitating tanks, the rinsers are set in motion, and 
the precipitate is quickly removed from the platforms. Flushing 
valves at the bottom of the two tanks are opened, and the sedi- 
ment is run to waste. This is done two or three times a week 
when the apparatus is in constant use.^ 

♦ In this abstract the use as a softener of lime only is mentioned, but in the 
original paper from which the abstract is made, the use of small quantities of 
sodium carbonate, to decompose the sulphates, and of a little alum to hasten the 
precipitation, are referred to. These are used because the water is to be softened 
specially for use in steam boilers. In softening water for domestic use, lime only is 
commonly used. 
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The particular water treated in this case had a hardness vary- 
ing from 15° minimum in wet w^eather to over 21*" in very dry 
weather, 13° of which were due to temporary hardness. In 
softening, the total hardness is reduced to between 6° and T* 
The cost of Ume for hardening 1,000 cubic feet of water was less 
than 1:^^. 

To test ivhether the quantity of lime added is insufficient^ suffi- 
cient y or too great. — By the use of a simple chemical test it may 
be discovered whether or not lime is being added to the hard 
water in the proper proportions. A solution of silver nitrate t pro- 
duces a yellow or brownish-yellow colour when it is added to water 
containing even a very minute trace of uncombined lime. A small 
quantity of water is taken from the large precipitating tanks, is 
placed in a white evaporating dish, and a few drops of a nitrate of 
silver solution are added. If a brownish colouration is produced, 
the lime is in excess ; if the colour produced be a faint yellow 
only, barely perceptible, the proper proportion of Ume has been 
added to the hard water. If the liquid continue colourless after 
the nitrate of silver has been added, it may be assumed that 
insufficient lime is being run into the tanks. 

Filter presses are used in this case, and in others where there is 
not space available for precipitating tanks.J 

The water and Ume are mixed in due proportion, as for the 
tank precipitation, and the mixture is then allowed to flow, or is 
pumped under pressure into the filter presses (Fig. 134, Plate 
XXXI.), and comes out clear and comparatively soft. 

" The filter press consists of a cast-iron bed plate bp, with a 
support or bracket sb at each end. Connecting and rigidly 
fastened to them are a couple of horizontal bars hb, each of which 
is the same height above the bed plate. On these bars rest the filter 
plates and water-space frames (Figs. 135, 136, Plate XXXI.). 

" The filter plates are made of cast iron ; each plate has two 
lugs L on its periphery for the purpose of support, and for the 
insertion of handles for removal. Upon its faces are turned a 
series of circular eccentric ribs for facilitating the filtration and 
supporting the cloths. A series of wide radial grooves s are cut 
in the plate to convey the filtered water to the annular space out- 
side the ribs, from which it can flow into the channel fwc, in the 

* All degrees iu Clark's scale (the English standard). Water of 1° hardness, 
Clark's scale, is water that will precipitate as much soap, as pure water in which 
1 grain of calcium carbonate per gallon has been dissolved. 

t See note 12, Appendix II. 

X See note 13, Appendix II. 
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left-hand top corner, and hence out of the press. In the right- 
hand top comer is a hole, through which the unfiltered water 
passes into the water-space frames. The water-space frames 
(Fig. 136, Plate XXXI.) are similar to the filter plates, with the 
exception that the metal forming the circular ribs in the filter 
plate is removed, leaving an annular frame of metal. A passage 
is cast connecting the large central space with the hole uwc in the 
right-hand top corner, to allow the unfiltered water to gain access 
to the filtering cloths. 

'* A number of filter plates and water space frames are placed 
alternately on the horizontal parallel bars hb, and a cloth or towel 
of a superior quality of cotton twill is dropped over each filter 
plate (as a towel is placed on a horse), the cloth having holes 
worked in it corresponding with the holes in the top corners of 
the plates and frames. The frames and plates are tightly pressed 
together by a powerful end screw es (Fig. 136, Plate XXXI.). 
Thus the holes fwc, uwc, become collectively tubular channels of 
the length of the filter press, the channel on one side admitting its 
unfiltered water into the circular water press frames ; whilst being 
inclosed and under pressure, the water can only escape through 
the cloths into the concentric grooves, passing from these along the 
radial grooves into the channel fwc, and hence out of the press. 

'' After the process has been started, the unfiltered water will 
not only have to pass through the cloths, but also through the 
residue of carbonate of lime deposited upon the cloths. This acts 
as a very fine filtering agent, entirely removing all organic and 
mineral matter held in suspension by the water. On the average 
the cloths are changed after being used about twelve hours. 

" The unfiltered water and lime are conveyed from the mixing 
tanks to the presses by the cast-U'on pipe p, the flow being regu- 
lated by the stop-cocks sc. The softened water passes from the 
presses into a trough, fwp (Fig. 134), or into a pipe leading to the 
storage tank. A square foot of filtering surface will supply filtered 
water at the rate of 30 gallons [say 5 cubic feet] per hour, the 
amount varying according to the pressure under which the 
filtration takes place. The filter press (Fig. 134), contains about 
100 square feet of filtering surface. The cloths are cleansed in a 
power washing machine, and are then ready for further use."^' 

Natural Filtration (so called).— If a tunnel or gallery be 
driven in the sandy and gravelly alluvial deposit that is found in 

* See note 14, Appendix II. 
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considerable depths along some parts of the courses of nearly all 
rivers, — especially such as have their sources amongst moun- 
tains, — parallel with the river, at a depth below that of the level 
of the water of the river, and be so constructed that the bottom, 
or the bottom and the sides, will allow water to enter, it will 
always be found that more or less water flows into the gallery. 
Commonly the quantity that enters is quite copious, and such 
sources of water have frequently been used for the supply of 
towns. Often (the bottom of the gallery only being left porous) 
water will flow continually upwards at the rate of from 20 to 
30 lineal feet per day, sometimes much more, and this water is 
nearly always free from suspended matter, and is generally clear 
and sparkling. 

It was commonly supposed, until comparatively recent times — 
and the supposition was a natural one — that the water entering 
these galleries was water that had infiltrated from the river. 
Recent investigations have shown that in some instances this is 
not the case, and it is probable that in most it is not. Thus it 
lias been found that, if there were impurities in the water drawn 
from the gallery, these were not of the same nature as the impuri- 
ties in the river water, but were rather of the nature of the 
impurities in the water of the land in which the gallery was 
driven, or between it and the higher ground. In fact the galleries 
did not seem to be filled by receiving water from the river, but 
by intercepting the underground water flowing slowly towards the 
river. In this connection it has to be borne in mind that a great 
part at least of all rain water reaches streams by soaking into the 
ground, and slowly moving in an underground flow towards the 
nearest stream, so that, when we see land gradually sloping 
towards a river, we have to imagine a water-bearing stratum 
under the surface of this sloping land, the water slowly working 
its way towards the river. Were it not for this underground 
water, the flow of a stream would cease very shortly after rain 
has stopped. 

The most remarkable observations in this connection are, 
perhaps, those of Mr. Edward Easton, in the neighbourhood of 
Brighton (England). He observed that, over a large area of 
ground near that town, no stream of any kind was to be seen. 
He also noticed that along the sea-shore there were, especially at 
low water, innumerable rills of water passing through the sand, 
and he found that this was fresh water, the fact being that the 
ground is so porous that the rain all soaks into it. and makes its 
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way underground to the sea. The form of the surface of this 
underground mass of water was even estimated by comparing the 
depth of water in wells, and it was found to slope steadily towards 
the sea. In this case, by driving a tunnel parallel with the sea- 
shore, and at the depth of low water y a plentiful supply oi fresh 
water was obtained. 

It is probable, in the case of galleries parallel with rivers, that 
the greater part of the water is, in most cases, intercepted water 
from the surrounding country, but that, in many cases, a part or 
the whole of the water is, at certain times, derived from the river. 
Thus it is quite conceivable, in some cases, that the water of the 
surrounding country is intercepted during rainy weather, whilst 
the river may be the source of supply during dry weather.* 

However this may be, a gallery of the kind described must be 
looked on simply as a shallow well on an extended scale, and the 
water from it must be regarded with the same suspicion as is the 
water from a shallow welL As has already been said, the water 
from a shallow well is not of necessity bad. If there is no possible 
source of contamination near it, or above it in the direction from 
which the underground water is flowing, it may, in fact, be very 
good. 

The case of the supply of Perth (Scotland) must be taken as 
one of actual natural filtration of river water.t This town is (or 
was until recently) supplied with water drawn from a gallery 
below an island in the middle of a liver. Hence it may be 
assumed that the water all filtered from the river. It is stated 
that, although the water of the river contains much organic 
matter in solution, the water drawn from the gallery is remark- 
ably pure. This is a particularly interesting case, where nature 
does what man has as yet failed to do by artificial means, even 
imitating her as closely as possible. 

* In Japan — where, on account of continual embanking of rivers without removing 
detritus carried down by storms, the flood level of the rivers after they have left the 
mountains, is generally considerably above that of surrounding plains ; and, indeed 
where, at places, the very bed of the river is above the land through which it 
passes — very different conditions must prevail ; and it is probable that a gallery 
alongside such a river would generally be fed more or less by the river, entirely by 
it at times. 

f See note 15, Appendix II. 



CHAPTER XIV. 

Service or Clean Water Reservoirs — Water Towers — 

Stand Pipes. 

Service Reservoirs. — The chief object of "service" reser- 
voirs is to hold a reserve of water, so that, the supply remaining 
constant during the twenty-four hours, the consumption may vary 
according to the requirements of the consumers. 

Were it not objectionable to vary the speed of filtration, and 
were there sufficient reserve either in settling reservoirs or in an 
impounding reservoir — or were the supply of water (say from a 
large upland stream) larger than the maximum consumption — there 
would, in most cases, be no particular object in having service 
reservoirs, and the town might be " served " directly from the filter 
beds. Indeed, this was by no means an unknown practice in some- 
what earUer days. Enough has, however, been said already as to 
the desirabiUty of keeping filtering speed uniform, or at least 
never permitting it to exceed a certain maximum. Seeing that it 
is sufficient to provide that it do not exceed a certain maximum, 
it is evident that service reservoirs might be dispensed with by 
increasing the filtration area. An increase of about 60 per cent, 
would be needed, and it is true that the cost of this might not, in 
some cases, be as great as that of the otherwise necessary service 
reservoirs, but the convenience of service reservoirs is so great for 
other reasons than that of permitting the filtering speed to remain 
uniform during the twenty-four hours, that the adoption of them 
may now be said to be all but universal. 

Another use of service reservoirs will be more fully dealt with 
in treating of Distribution Systems ; meantime it may be illus- 
trated by a single case. 

Let us suppose a town to be supplied by gravitation from an 
impounding reservoir at a considerable distance, such distances, in 
practice, amounting to anything up to sixty miles. It will be 
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evident that, if the town is suppHed directly by a main from the 
impounding reservoir, this main must be capable of carrying a 
quantity of water equal to the maximum consumption at any part 
of any day. In other words, it must be capable of carrying at 
least twice the mean consumption. If, on the other hand, there 
be within, or near the town — ^the best possible position is in the 
centre of the town — an elevated service reservoir into which the 
water can gravitate from the impounding reservoir, to be dis- 
tributed from the service reservoir, it is evident that (assuming 
the service reservoir to have sufficient capacity) the main need 
only be capable of carrying the maximum daily supply, or, say, 40 
per cent, more than the mean supply. Thus the main need have 
only about two-thirds the capacity with the service reservoir that 
would be necessary without it.* 

In the case of a long main from a reservoir at a considerable 
height, besides the objection of having to make the main capable 
of carrying ahsohtte maximum consumption, and still give a fair 
pressure in the mains, it often happens that there is further 
trouble from excessive variation in pressure. 

Tlie Capacity of Service Reservoirs. — Until recently the 
practice of engineei*s commonly was to make service reservoirs of 
a very considerable capacity. Thus they were often made to 
hold two or three (or even more) days' consumption. There are 
decided advantages in having such a capacity for storing clean 
water, and this particularly in the case of pumping systems. 
Thus the pumping engines could, in the case of an emergency, be 
stopped for a day or two for repairs, so that there would be less 
necessity for *' stand-by " pumping power than there is with only 
a small reservoir ; or it could be so arranged that the pumping 
engines would have to work only during the day time, and this is 
a great advantage in the case of small instalments, where the 

* In Japan, the waterworks of Hakodate and Nagasaki may be taken as 
typifying these two cases. The water for Hakodate is taken from an upland stream, 
with a discharge greater than the maximum daily consumption, the intake being at 
a. very considerable distance from the town. There is, however, a service reservoir 
on the hill just at the back of the town, and, therefore, the main from the intake 
need carry only maximum daily supply. In the case of Nagasaki, on the other 
hand, the supply is by gravitation from an impounding reservoir at some distance 
from the town, and there is no elevation in, or very near, the town, suitable 
for an impounding reservoir. This being the case, it was necessary to make 
the main from the reservoir to the town capable of carrying the maximum 
quantity of water likely to be consumed at any time. It is true that, in this case, 
the impounding reservoir being only a comparatively short distance from the town, 
the advantage of a service reservoir would not be as great as it might be in many 
rases ; still, this case will serve to illustrate the point. 
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firing and attendance constitutes the greater part of the expense 
of keeping a pumping station going. But above all there is the 
advantage of having a reserve in case of fire. 

In spite of all these advantages of a large service reservoir, 
the modern tendency is to do with the smallest size of clean 
water reservoir that will serve its purpose. 

This tendency is part of the outcome of the modern study of 
bacteriology, and the great weight now given to all sanitary con- 
ditions. It has, as has already been stated, been found possible, 
by careful sand filtration, or by any of one or two other means, 
to get rid of far the greater number of micro-organisms that 
all water contains. It is, however, found that, if the water thus 
freed from the greater quantity of the microscopic life that it 
contained is allowed to remain at rest for any considerable time, 
the number of bacteria may increase very rapidly, and, so far as 
organic hfe goes, the water will tend to become as bad as it was 
before filtration. 

As the efiect of a water supply on the health of the popula- 
tion supphed is now placed before all other considerations, the 
advantages that there are in a large service reservoir are 
commonly sacrificed for the sake of ** hurrying through " the water 
to the consumer. The case of a great fire can commonly be pro- 
vided for by a ** by-pass " from the intake, the impounding 
reservoir, or the settling reservoirs, allowing, as a matter of fact, 
the river or the impounding or the settling reservoir to act the 
part of a service reservoir for the time being, the water flowing 
past the filter beds in the case of a great fire occurring. This 
arrangement is, of course, not without its objection, as, in case the 
by-pass comes into use, the result is to fill the mains with un- 
filtered w^ater, which is not completely cleared away from them for 
some considerable time, so that the supply is really contaminated 
every time that the by-pass comes into operation. Still, it is now 
generally considered that the contingency of an occasional supply 
of altogether unfiltered water is to be preferred to the continual 
use of water deteriorated from too long storage after filtration. 

Investigation has proved that, if a service reservoir has a 
capacity corresponding to seven hours' mean supply,* it is capable 
of compensating for the inequality of the consumption during the 
twenty-four hours, even at times of maximum daily consumption, 
and some engineers recommend that the total capacity of the 

♦ Mr. Henry Gill, M.In8t.C.E. 
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service reservoir be little or no greater than this. This (it seems 
to the writer) is a case of rushing to the opposite extreme of old 
practice. Nothing whatever is left for contingencies. Even in 
the case of a small fire taking place at the time when the service 
reservoir was nearly empty, it would be necessary to open the 
by-pass, or to put into operation whatever special provision had 
been made for fire extinction. 

It is, of course, difficult to draw an even balance between the 
advantages of a large service reservoir, and one of the least 
capacity that will enable it to serve its purpose ; but the writer 
ventures to suggest, tentatively at any rate, that a capacity of 
at least nine or ten hours* mean supply be adopted as a standard, 
apart from an ample provision for fire. It will readily be under- 
stood that a proportionately larger reserve for fires is desirable in 
the case of a small than of a large town, but this subject is fully 
treated in Chapter XIX., to which the reader is referred. 

It is desirable to divide service reservoirs into several com- 
partments, so that one may be cleaned at a time, and if a twelve 
hours' supply be taken as the capacity of the whole reservoir, it is 
evident that, if it be divided into three compartments, two of 
them will still hold enough water to compensate for the variation 
in consumption during the twenty-four hours. It is not, however, 
really necessary, in the case of service reservoirs, when one com- 
partment is off for cleaning, that the other two should have a 
capacity sufficient to compensate for variation in the consumption 
during the twenty-four hours during a time of maximum daily 
consumption, because a clean water reservoir needs cleaning but 
seldom, and it is generally possible to select a time for cleaning 
when the daily consumption is not at its maximum, and when the 
discharge through the filter beds will equal the maximum daily 
discharge during the twenty-four hours, without exceeding the 
filtering speed determined on. It is thus possible, by having a 
by-pass that will allow the water to flow past the service reservoir, 
to manage the cleaning of a whole reservoir that has no parting 
division at all. In this case, however, there is, of course, at the 
time of cleaning, no reserve for fire at all, so far as the service 
reservoir is concerned. It is advisable, therefore, to have at least 
one division, dividing the reservoir into two compartments. 

Form of Service Reservoirs in plan. — As in the case of settling 
reservoirs and filter beds, the form of service reservoirs is often 
determined by that of the land that may be available. If, how- 
ever, there be no restriction, the form is generally rectangular. 
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In some cases a circle has been selected as the form, because 
the walls, in the case of moderate-sized reservoirs, acting as 
horizontal arches, may be made thinner than they would have 
to be made if calculated as retaining walls, and, indeed, by adopt- 
ing the circular form the total length of wall is, in any case, 
reduced to a minimum, as a larger area is included in a circle, than 
in a plane of any other form having the same length of bounding 
line. A circular form, however, generally involves waste of land. 
Moreover, there is the question of covering with a roof — to be 
treated presently — and the difficulty of this in the case of a circular 
plan is much greater than in the case of a rectangular plan. 

The rectangular plan may thus be considered the standard one, 
but the writer has known cases where the top of a small conical 
hill was the most suitable place for a service reservoir, and where 
the circular plan was the only one that was found practicable. 

Under this heading of the form of clean water reservoirs in 
plan, may be considered the question of the motion of the water in 
the reservoir. Conceding that it is desirable that the water be 
stored for as short a time as possible in the clean water reservoir, 
it is evident that the object of this short storage will be defeated 
if the method of admitting and of drawing oflF the water be such 
that a part of the water passes direct from the inlet to the outlet, 
whilst another portion remains stagnant, or nearly so. For this 
reason it has been the custom in Germany, for some time past, to 
divide clean water reservoirs into several compartments by 
partitions, open at opposite ends of the reservoir, much aa shown 
in Fig. 64 (page 89). The water has thus to travel the length of 
the reservoir several times, and stagnation is prevented. There is 
not the same objection to this construction in the case of clean 
water reservoirs as in that of settling reservoirs, because, in the 
case of the former a slight current is in no way objectionable. 

It will be evident, if the system of piping diagrammatically 
represented in Plate XXXV. be adopted, and the pipes from the 
filter well to the clean water reservoirs, and those from the clean 
water reservoirs to the well delivering to the distribution system, 
be each made large enough to carry the whole of the water, that it 
will be possible to bring about the same result. 

Depth of Clean Water Reservoirs. — Although the 
reason for the Umitations in the depth is not exactly the same in 
both cases, the depths given for settling reservoirs (see page 84) 
may be taken as applying to clean water reservoirs also. 

K 2 



132 THE WATER SUPPLY OF TOWNS, 

Form of Clean Water Reservoirs in section, — Clean water 
reservoirs are always, or nearly always, made with sides vertical, 
or having only a moderate internal batter, say not more than 
2 inches in the foot. The bottom, as with settling reservoirs, may 
with advantage have a slight slope towards a cleaning drain. 

The Roofing of Clean Water Reservoirs.— There are several 
reasons why clean water reservoirs should be roofed over. One is 
that such roofing prevents the suspended dirt of the air from 
settling on the purified water, and this necessity has been so 
thoroughly realized for some time past that it has been enforced 
by law so far as reservoirs at all near towns are concerned, in 
Great Britain, for many years past. It has, moreover, become a 
nearly universal practice in Europe, and is a very common one in 
America. 

Apart from the need of keeping the floating dirt of the air 
out of reservou^s, there is the further necessity of preventing the 
heating of the water by the sun's rays, and the vegetation that 
would certainly ensue. The necessity for preventing the sun's 
rays from heating the water, is, of course, specially felt in countries 
where the sun is for at least some part of the year nearly vertical. 
This will be readily understood if it is remembered the greatest 
draught of water is commonly in the morning, so that a service 
reservoir is partly empty by the time noon arrives, with the sun 
as nearly vertical as it will be during the day, and probably 
continues to empty during the early part of the afternoon, whilst 
the sun has still great heating power. 

The form of roof used in Great Britain is in most cases that of 
a series of brick or concrete arches supported on columns,* the 
arches being commonly covered with two or three feet of soil. 
Such a roof is practically impervious to heat, and keeps out all 
floating impurities. It is somewhat costly, even if it be taken 
into consideration that the side walls, acting as the abutments 
of the arches, may be made considerably thinner than if they 
had to sustain the whole thrust of the earth behind them as 
retaining walls. In Plate XXXII. (Figs. 137 to 141) a reservoir 
with a roof such as is described is illustrated. It is necessary, of 
course, to provide manholes for admission, and, if these be closed 
with perforated covers, the covers will act as ventilators. 

Tile or slate roofs have not all the advantages offered by arched 
roofs of the kind that have just been described, but there may be 
cases where, for economical reasons, it is considered advisable to 

* See note 16, Appendix II. 
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adopt them. Plate XXXIII. (Fig. 142) shows the section of a 
reservoir with such a roof. 

Materials for the Construction of Clean- Water Resei^oirs, — 
The bottoms of clean- water reservoirs are commonly made with 
concrete, rendered in cement ; the side walls either with brick in 
cement, or concrete, generally with a brick facing. Until com- 
paratively recently puddle was relied on for water-tightness, but, 
as in the case of settling reservoirs, the modern tendency is to do 
without clay. The following description of a service reservoir 
made entirely of concrete will be found of interest * : — 

" Mr. Thomas Walker stated that in 1887-88 he constructed 
a covered service reservoir to hold 5,000,000 gallons of water on 
Addington Hill, near Croydon. It was made entirely of concrete, 
no puddle having been used ; and, as the reservoir was perfectly 
water-tight, a few particulars might be of interest to the 
Institution. 

" The hills were composed of the water- worn pebbles and fine 
sands of the Oldhaven beds, and these materials were chosen for 
the concrete, a portion of the sand being removed by screening. 
The contour of the ground necessitated the reservoir being oblong ; 
the inside dimensions were 420 feet by 124 feet by 16f feet deep. 
The floor, outer walls, and roof were of Portland cement concrete, 
6 to 1 by measure ; and for the piers and arches of the longitudinal 
and cross walls, up to the springing level of the covering arches, 
the proportions were 5 to 1, a Uttle Thames sand being used. The 
concrete was hand-made, turned over twice dry, wetted from a 
rose on india-rubber tubing, and thoroughly mixed on wooden 
platforms. It was not dropped from a height into its final 
position, but placed there with a shovel in layers, not too thick, so 
that the coarse and fine parts of the concrete were laid or mixed 
together equally and well worked, ensuring soUdity throughout. 
Water was rather freely employed, but not so as to stand on the 
surface of the concrete when in position. For joining up all old 
work when it was set, grout made of one part of cement to two of 
Oxted sand was used, and, when necessary, the old work was 
cleansed, roughed over with a pick, and brushed before the grout 
was applied. 

"The floor was 18 inches thick, put down in two layers with 
overlapping joints. The inside of the outer walls (which re- 
quired to be roughed) and the floor were carefully rendered, 

* Proceedings of the Institution of Civil Engineers, vol. c. 
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the first coat \ inch thick with cement and washed Thames 
sand in the proportion of one to one of each, and the finishing 
coat of ^ inch thick was of neat cement put on before the 
first coat was quite set, and thoroughly trowelled to a hard face. 
A double thickness of rendering was laid under the piers and on 
the springing of the arches against the outer walls. The rendering 
might be said to line the floor and sides of the reservoir in every 
part to 6 inches above overflow level. Fifteen slight vertical 
cracks, that appeared in the outer walls before they were rendered, 
were cut in a V-shape, with a cross section of about 1 square foot, 
and filled in with good concrete. 

** Careful examination after the reservoir had been in use failed 
to detect the sKghtest fracture in the rendering of any part of 
the work. The outside of the concrete arches forming the roof 
was covered with asphalt f inch thick, in two coats, and was 
found to be water-tight. The spandrels of the arches were in- 
clined from the centre to the ends of the reservoir, and had 3-inch 
land drains laid along them to carry off surface water. A party- 
wall, 12 feet high across the reservoir, allowed the water on 
either side of it to be run off independently of the other. The 
main from the pumping station entered each division at the 
springing level of the roof arches, which was also the overflow 
level, and a water cushion was formed on the floor under each 
inlet by walls 2 feet high inclosing a space 10 feet by 6 feet. The 
surface of the hills over the reservoir has been restored, and 
planted with heather as before." 

Water Towers. — This name is given to tanks, almost 
always of wrought or cast iron, erected on the top of towers, 
either of masonry or ironwork, and acting as service reservoirs. 
Water towers are most commonly used in connection with pump- 
ing systems. 

It is evident that, unless tanks of the kind here men- 
tioned be of such a size that they will hold sufficient watei 
to compensate for the variation in the consumption during the 
twenty-four hours, they do not really serve as service reservoirs, 
in the sense in which this term has been used up to the present. 
Even when they do not they are of very considerable use, for it 
is a great convenience, when pumping machinery has to be used, 
to have a tank holding a supply corresponding even with the 
consumption of an hour or two. Without this the speed of the 
engines must absolutely follow the consumption of the water. It 
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is true that, with any capacity of tank not as great as about seven 
hours' mean consumption, engines cannot work at a uniform speed 
during the twenty-four hours, but must have the speed of working 
varied from time to time. There is, however, in the practical 
working of pumping machinery, a great difference between varying 
the speed of an engine from time to time and in making it abso- 
lutely follow a consumption that is varying from second to second. 
Further than this — when, as is common in the case of large pump- 
ing plant, the power is divided up amongst several sets of pumping 
engines, of which one or more may have to work at a time, 
according to the consumption — it is a great convenience to have 
even a small service tank at the time that one engine is started to 
help those already at work, or when one is stopped, because the 
consumption is so slight that the engines at work are working at 
too slow a speed to work economically. 

Pumping machinery has, however, been improved to such an 
extent of late years, that the tendency is to do away with water 
towers, unless it is feasible to make them of such a size that they 
will compensate for the variation in consumption during the 
twenty-four hours. 

Another use of water towers is to store a reserve of water 
in case of fire. A little consideration will show that such a 
reserve storage is much more necessary in small towns than in 
large. The reason is that, in the case of a fire occurring, and 
beginning (as it always does) with a single house, the actual 
quantity of water wanted for extinction is the same in the case 
of a small as in the case of a large town, and is of course pro- 
portionately much greater in the case of the small town. So 
also the spread of the fire, up to a certain point, is likely to be as 
rapid in the case of a small as in that of a large town, so that still 
the same actual quantity of water is desirable in the small as in 
the large town, and proportionately much more. Thus it happens 
that, in the case of a small town, it should be possible to increase 
the supply of water, for a short time at least, to several times the 
maximum that is needed for ordinary purposes, to provide against 
fire ; whereas, in the case of a very large town, a mere fractional 
increase on the ordinary maximum supply will be sufficient for the 
largest fire that is likely to occur. This can generally be provided 
for by setting the " stand-by " engines in motion. 

From what has been said it will be gathered that water towers, 
to act as real service reservoirs, are desirable in the case of 
small towns, when the system is a pumping one ; that they are 
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matters of convenience in the case of large towns, even if they are 
not of so great a size as to act as actual service reservoirs, although 
the tendency in this latter case is to dispense with them, and to 
trust entirely to the pumping power. ^ 

In any case, water towers are expensive structures. If made 
large enough to constitute actual service reservoirs, their cost will 
always form a large proportion of the whole cost of the works. 
The writer does not know of any case in which water-tower tanks 
have been made of capacity large enough actually to serve as 
service reservoirs, in the sense of compensating for variation in the 
consumption during the twenty-four hours, for waterworks on a 
large scale. 

Two water towers are illustrated on Plate XXXIV. (Figs. 
143, 144, 145). Fig. 143 shows a water tower used in connection 
with the recently opened Liverpool waterworks, of which Mr. 
G. F. Deacon, M.Inst.C.E., was engineer. This water tower is 
not lised to perform exactly the function above described as that 
of a water tower, but it very well might be. The tower itself 
is of masonry, and the design is one of real beauty. The design 
of the tank itself — a dish of wrought iron without support except 
at the edge — is a bold and admirable one. 

The tower shown in Figs. 144 and 145, on the same Plate, is 
a composite structure of cast and wrought iron. It forms part of the 
Shanghai waterworks (Engineer, Mr. J. W. Hart, M.Inst.C.E.), 
and the design has been much admired. The following description 
of the tower, which stands on a foundation of solid concrete, is 
taken from the Proceedings of the Institution of Civil Engineers^ 
vol. c, p. 223 : — 

" The structure for supporting the tank is exclusively of iron ; 
52 feet, octagonal in form, 52 feet 6 inches in diameter from centre 
to centre of the columns. There are twenty-four columns erected 
in the three tiers of eight each. They are 26 feet long from face 
to face of the flanges. The sole-plates for the columns are 3 feet 
6 inches square and bed direct on the granite piers built in the 
brickwork. The sole-plate for supporting the centre tube is cast 

* In earthquake countries water towers are to be avoided if possible. They are ^ 
of necessity top-heavy structures, and specially likely to overset at the time of an -^ 
earthquake. The destruction caused by the bursting of the tank at the top of a ^ 
water tower, or by the upsetting or overturning of the tower, is likely to be very 
great If water towers have to be erected in earthquake countries, it would seem ^ 
that the supports of the tanks were best to be made of wrought iron only. A 
compound structure of wrought and cast iron is particularly to be avoided ■ -^ 
Masonry structures appear to be safer. 
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in one piece, with apertures and suitable flanges for the reception 
of inlet, outlet and overflow pipes. It weighs 5^ tons. 

" The column sole-plates are connected with and bolted to the 
centre tube sole-plate by cast-iron radial girders bedded on the 
coping-stones of the radial wall of the foundation walls of the 
foundation. These walls radiate from the sole-plate for the 
central tube to each pier. 

" The sole-plates and the radial girders are secured in position 
by l^inch foundation bolts built into the brickwork and piers. 
By connecting the sole-plates of each of the columns with the 
sole-plate of the central tube by means of the radial girders in the 
manner described, the whole weight to be supported is evenly 
distributed over the surface of the foundation, and the risk of the 
columns spreading or of inequality of pressure in case of settle- 
ment is in this manner reduced to a minimum. The centre tube 
is 6 feet in diameter, 82 feet 6 inches long, made of boiler-plate 
f -inch thick. At the base a strong angle flange-plate riveted to 
the tube is bolted to a corresponding flange cast on the sole-plate 
and a perfectly watertight joint is thus made. At the top end of 
the tube there is a similar flange-plate, to which are riveted the 
four plates of the tank. Eight vertical stiffening ribs of T-iron, 
bedded into the tower and upper flange-plates, are riveted to the 
side of the tube, which thus forms a rigid central column, and 
does duty with the outer columns in supporting the tank and the 
water therein. 

*' It also serves the purpose of an ordinary stand-pipe, when it 
is found desirable to work with a variable head of water. This 
can be done during the greater part of the day, without reducing 
the pressure below what is necessary to meet the usual require- 
ments of the highest building in the settlement. 

" To secure the greatest rigidity, the columns of each tier are 
connected at the capitals with tie-girders made in halves, and 
bolted together in the centre, the ends being fastened to flanges 
cast on each column. 

" Over the centre connecting joint of the girders an ornamental 
shield is placed in the form of a keystone to screen the flailges 
and bolts. Radial tie-girders of light wrought- iron lattice- work 
connect the centre tube and the columns, one end of the girders 
being bolted to the capitals of each of the columns in the same 
manner as the ornamental girders which connect the columns of 
each tier, while the other end is provided with a gusset-plate 
riveted to the vertical stiffening ribs of the central tube. The 
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diagonal bracing consists of screw tie-rods 1^ inch in diameter in 
every bay between the columns, and radially in every bay between 
the columns and the central tube. There is an ornamental box 
for receiving the screw ends of the tie-rods ; and by means of 
screw-nuts inside the box each rod is tightened and adjusted. 

'' The top or floor girders for supporting the tank and water 
are of steel, of the lattice type. The outer ends rest direct on the 
column flanges to which they are bolted, and to insure even settle- 
ment there is a sheet of lead f -inch thick between the bed-plate of 
the girders and the flange of each of the columns. The inner ends 
of the girders next the central tube have strong gusset-plates with 
cheek angle-irons, firmly riveted to the vertical stiffening bars of 
T-iron and to the sides of the central tube, so that the whole 
weight to be supported is transmitted between the outer cast-iron 
columns and the centre tube. In addition to the eight principal 
steel floor-girders, they are also connected with intermediate 
girders, the whole forming a suitable platform to receive the 
hard-wood joists upon which the floor of the*tank rests. 

" The tank is 50 feet diameter by 12 feet 3 inches deep, and 
contains 670 tons of water. It is made of boiler-plate, the floor- 
plates being f-inch thick, and the side-plates f- to /^-inch thick. 
The floor-plates are riveted to, and connected with the upper 
flange of the central tube, and are bedded on hard-wood joists, 
resting on the steel floor-girders. The tank is staved inside with 
stiffening bars of T-iron riveted to the side and the floor-plates, 
to which are secured diagonal gusset stay-plates. There are also 
screw stay-bolts from the side plates of the tank to the centre 
column which supports the roof. 

"The roof is of light construction, the principal and inter- 
mediate rafters are of angle-bars, one end being riveted to the 
side-plates of the tank, while the other is bolted to a flange-plate 
on the top of the central column. This column rises from the 
floor-plates and supports the roof, bolted between another set of 
flanges of the centre column. There is a wrought- iron plate, and 
to this are fastened struts, which radiate at equal distances for 
stiffening and supporting the rafters. The roof is covered with 
corrugated galvanized iron, and closely resembles the structure of 
an ordinary umbrella when open. Round the tank there is a 
gallery 6 feet wide, supported by light cantilevers fastened to the 
ends of the steel floor-girders. To screen the water from the sun, 
the gallery roof is pitched at an acute angle. 

'* To approach the top and intermediate galleries from the 
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foundation, there is a set of spiral steps fastened to the centre 
tube, and there are landings at the level of each tier of columns. 
These facilities for inspection place the tank and the whole super- 
structure at all times under immediate view, and render them 

accessible for painting and repairs. 

•5? -r? -jt -jc 

** The outlet aperture is cast on the sole-plate of the centre 
tube in the same way as the inlet aperture, and over the outlet, 
inside the centre tube, there is a large strainer, through which the 
water must pass before leaving the tower. 

^ ^ ^ '.'C 

'^ To provide against the risk of flooding the tank by over- 
pumping, there is, inside the centre tube, an overflow pipe, 
20 inches in diameter, with a large bell-mouth at full-water level. 
The overflow water escapes through the aperture in the sole-plate 
of the centre tube, and is discharged into a well with a division- 
wall to break the fall, and then runs to waste through the public 

drains. 

^ ^ ^^ ^ 

'' The total height of the water tower from the roadway to the 

crest of the terminal on the roof is 121 feet. 

^ -:t 4^ 4^ 

" When the tank is full the total weight to be supported is 
3,725 tons. 

% ^ ^ •>': 

" The following sums represent the total cost of the water 
tower, exclusive of land : — 

" Cost of construction of superstructure, including meters, reflux 

and other valves and other accessories, with freight and in- £ 

surance r),378 

" Cost of foundations, earthwork, brickwork, and masonry . . 4,371 

" „ erecting superstructui-e and riveting tank . . . 2,100 

£11,849 



" The tower has been subject to severe strains by several 
typhoons, and not a single defect has been discovered. Except as 
regards the cost of painting and cleaning, the cost of maintenance 
has been niiy 

Stand-pipes. — It is not possible to draw any hard-and-fast 
line between water towers and stand-pipes. It will have been 
observed that, in the description of the water tower just given, it 
is mentioned that, in certain circumstances, the central tube may 
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act as a stand-pipe. On the other hand, stand-pipes may act as 
water towers, in the sense that they may perform the functions 
ascribed above to water towers. If, in the case of the water tower 
just described, instead of there being a composite iron structure 
to carry a wrought-iron tank, there had been built up from the 
foundation block of concrete, a boiler-plate shell of the whole 
diameter of the tank, so arranged that the water could be pumped 
into it at the foot, and could rise to the level it is intended to rise 
to in the tank — if, in other words, the depth of the tank had been 
made from the present high-water level, right down to the founda- 
tion block — it is evident that, as holding a reserve of water, the 
arrangement would be as efficient as that actually used, in fact 
much more so, for although the whole of it could not be drawn off 
except at a gradually diminishing pressure, there would be a much 
larger reserve of water. Yet the structure now suggested would 
probably be called a stand-pipe rather than a water tower by 
many. In fact, a structure for storing a certain reserve of water 
may be called a stand-pipe when it is in the form of a tube or 
shell, with parallel sides from the level of the ground upwards. 
When the upper part is of comparatively large diameter, in 
practice needing some farther support than the mere tube forming 
the lower part, it is generally called a water tower. 

There is another distinction in practice, however. A water 
tower generally includes a tank for holding a supply of water of 
such quantity that the engines pumping into it may be stopped 
for a short time if necessary, and ought when practicable to hold 
such a supply of water as will compensate for the irregularity in 
consumption during the twenty-four hours. A stand-pipe often 
holds only as much water as could be pumped by the engines in 
a few minutes, and acts merely as a " cushion " to the engines, 
preventing shocks on the pipes, and giving the engines time to 
get up speed when the demand for water increases, and to slow 
down ** comfortably" when the demand decreases, instead of being 
quickly '* drawn up." 

The action of a stand-pipe as just described is diagrammatically 
illustrated in Fig. 146. Here s w stands for suction well, p for 
pumps, E for engines, f m for forcing main, s p for stand-pipe, and 
M for main to distribution system. It will be evident to anyone 
with the slightest knowledge of mechanics how a float within the 
stand-pipe might be caused to actuate a valve, or better, the lever 
controlUng a differential expansion gear, on the pumping engines, 
so as to control their speed with the utmost nicety — exactly, in 
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fact, as the " accumulator " controls the speed of the pumping 
engines in a high-pressure " hydraulic system " such as is 
commonly used in working cranes, coal hoists, capstans, &c., 
around docks, and, in many cases, the greater part of the sub- 
sidiary machinery on board large steamships. Stand-pipes (so- 
called) may have any diameter from (say) 2 feet to 40 feet.* 

The question of stand-pipes cannot be left without saying a 
word or two concerning one practice of engineers in connection 
with stand-pipes. These, especially when of moderate diameter, 
are sometimes made double, in the form of a "breeches-pipe," 
one leg being a rising pipe, another a falling, and there being a 
certain farther height of pipe above the junction. 

It would seem that some engineers conceive that this arrange- 
ment oflfers some advantage over the single pipe shown diagram- 
matically in Fig. 146. But it is difficult to imagine, with modern 
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Fig. 146.— Diagram iUustrating action of a stand-pipe. 



pumping machinery, any advantage that can arise from the arrange- 
ment, whilst it is easy to point out many disadvantages that attach 
to it. Thus, in the case of a sudden demand for a large supply of 
water, the level of the water in the leg down which the water flows 
will fall below the junction, and the engines will merely be pumping 
water up to the junction to fall over it on the other side. In other 

* See Fanning's " Treatise on Hydraulic and Water-Supply Engineering " (Fourth 
edition), in which a chapter, very fully dealing with the subject, is specially devoted 
to Stand-pipes. 
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words, they are pumping up water for the sake of merely allowing 
it to fall down again in a cascade within a pipe ! Further than this, 
the engines, pumping against a constant head, or, at any rate, a 
head whose minimum is up to the junction of the two pipes, will 
not respond to the demand for a large increase in the supply of 
water — most likely to occur in the case of a fire, when it ought to 
be met if it can by any possibility : whereas, were the stand-pipe 
arranged as shown in the diagram, the pressure against which the 
engine has to pump is reduced ; the engine is able, within limits, 
to increase the quantity of water pumped ; and yet the reduction 
of pressure in the mains is less than with the breeches-piece 
stand-pipe. 

This double stand-pipe was necessary, or nearly so, with some 
of the older forms of pumping machinery, which would not work 
efficiently except against a constant head. It was probably 
adopted with somewhat more modern pumping machinery, to pre- 
vent an accident in case of a burst in the mains not very far from 
the engines, in which case the latter might " run away " and do 
serious damage. At the present time it is easy to provide against 
this contingency in any of various ways much less clumsy and 
expensive than that of providing a double stand-pipe, and double 
stand-pipes may be said to be relics of antiquity. 

In the case of water towers it is common to have two pipes, 
one rising and the other falling, with a by-pass between them at 
the foot to be used when the tank at the top of the tower has to 
be put out of use for a time for cleaning or repairs, but even this 
is not at all necessary. A single tube will serve all purposes, 
as in the case of the tower for the Shanghai waterworks described 
in this chapter. During the time of cleaning or repairing the 
tank, the pumping can be regulated so that the level of the water 
in this tube — a stand-pipe in reality — does not quite reach the 
tank. The only inconvenience is a slight temporary reduction in 
the pressure on the mains. 

The modem tendency is to substitute air-vessels for stand-pipes 
used merely for the purpose of " cushioning " pumping engines ; 
the stand-pipes are always expensive structures. The air-vessels 
may be made of wrought-iron, as large as is necessary for prevent- 
ing shocks in pipes, or the over-sudden increase or diminution in 
the speed of engines, however large the pumping plant may be. 

More will be said about water towers and stand-pipes in the 
chapter on Distribution Systems. 



CHAPTER XV. 

The Con]seotion of Settling Reservoirs, Filter-beds, 
AND Service Reservoirs. 

A Typical System of Waterworks. — A typical water- 
works system may be said to consist of (1) settling reservoirs ; (2) 
filtering beds ; and (3) clean water (or service) reservoirs, although, 
as has been explained, there may be many departures from such 
a typical case. Even when such a case does occur, it will often 
happen that the conditions make it advisable that the various 
appliances be placed in localities somewhat separated from 
each other, and it seldom happens that a perfectly symmetrical 
arrangement, such as that shown in Plate XXXV. (Fig. 147), can 
be carried out in practice. Such a hypothetical case is taken, 
however, for the sake of illustrating certain points. The general 
arrangement will be understood without any explanation further 
than to say that s r stands for settling reservoir, f b for filtering 
bed, and c w r for clean water reservoir. The relative capacities 
and areas are taken as within the limits already laid down. 

Mention has been made of by-passes and of overflow pipes, 
and although nothing has specially been said about the con- 
necting pipes, it will of course be understood that there must be 
such pipes * to carry water from settling reservoirs to filter-beds, 
and from filter-beds to clean water reservoirs. It seems necessary 
to give a few words of explanation about these different pipes. 

In the first place, let it be understood that in Plate XXXV. 
connecting or distributing pipes are shown in full lines, by-passes 
in common dotted lines, and waste and overflow pipes in chain- 
dotted lines. Further, that various letters have the following 
meanings: — s v, sluice- valve, o, overflow, w p, waste-pipe, s p, 
stand-pipe or floating pipe, b v, ball valve, or valve actuated by a 
float to keep water at a constant level, and f h, an appliance for 
reofulating the filtering-head. 

* Note 17, Appendix II. 
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Connecting or Distributing Pipes. — These may be 
arranged in various ways, but the writer thinks that by adopting 
the arrangement shown in Plate XXXV. the pipes are all con- 
veniently under control, those for any one set of appliances being 
controlled at one or two " wells." It is, however, necessary to say 
a word or two about the diameters of the pipes. 

In every case it would be possible to calculate the diameter of 
a pipe, taking as data (1) the quantity of water that has to pass 
through it in unit time, (2) the length of the pipe, and (3) the 
" head " of water that may be sacrificed in carrying the water 
through the pipe, using any standard formula for the discharge of 
water through ** short pipes " ; but if this be done, it is necessary 
to state what the " head " is to be, and practically such statement 
comes merely to assuming a certain head. Such being the case, it 
seems a reasonable course to take a certain velocity, such as is 
known to be thoroughly under control, and such as will not, in the 
lengths of pipe that are likely to occur in arrangements such as 
that illustrated in Plate XXXV., use up, or waste, any head that 
will interfere in any way with the general working of the system. 
Taking this into consideration, the writer has been in the habit of 
giving such diameters to the pipes at present under consideration, 
that the maximum velocity shall not exceed 3 feet per second. 
In other words, the area of cross section of a pipe may be made 

•=!• 

where 

a = the area of the cross section of the pipe in square feet. 
d •= the maximum discharge in cubic feet per second. 

From what has already been said, it will be understood that, 
if the water is to circulate through the various compartments of 
the clean water reservoirs, so as to prevent any likelihood of 
stagnation, it is necessary to make each pipe to and from each 
clean water reservoir of such diameter that it will satisfy these 
conditions. 

By-passes. — The object of by-passes, or by-pass pipes, is to 
so arrange matters that in case of need the water may be allowed 
to pass by any single reservoir or filter-bed, or set of reservoirs or 
filter-beds. The reason why it is desirable to be able to put any 
single reservoir or filter-bed ** out of circuit " will readily be under- 
stood, as all of these have to be put off work at times for cleaning. 
It will also be readily understood why it may, in case of fire, be 
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desirable to allow the water to pass by any set of reservoirs or 
filter-beds. It need only be further added that it is well, in 
designing the pipe systems in connection with filter-beds and 
reservoirs, to so arrange them that any one, or any number, of 
either filter-beds or reservoirs may be " passed by " if this seems 
desirable at any time.* If the system diagrammatically illustrated 
in Plate XXXV. be examined, it will be readily understood how 
this can be done. Here (as has been said) the main supply 
pipes are shown in full lines, the pipes that are intended to act as 
by-passes only as dotted lines, and the pipes that act as overflow 
and waste-pipes as chain-dotted lines. 

Overflow and Waste Pipes. — It is difficult to give any 
rule for the diameters of these pipes. Overflow pipes ought to be 
made of such a diameter that they will carry away the whole of 
the supply to the reservoir or filter-bed, in case the discharge from 
it be entirely shut off*, but they are seldom made so large. 

In the case of waste pipes we may be guided by the following 
considerations. It is undesirable to waste much time in running 
water away when an appliance has to be cleaned. On the other 
hand, it is seldom, or never, that the whole of the water is run off 
such an appUance by the waste pipe. As much as possible is 
allowed to go off by the discharge pipe, and then the remainder 
is allowed to run to waste. For example, in the case of a settling 
reservoir, or a clean- water reservoir, we may assume that it will 
never be necessary to run more than about 3 or 4 feet of water to 
waste. We should, therefore, make the waste pipe of such a 
diameter that this water may run to waste in, say, 3 hours. Of 
course the rate of discharge keeps changing as the appliance 
becomes emptier. For the sake of calculation, however, it will be 
near enough to assume the depth of water as constant at f rds of 
the depth from which we begin to run to waste. For example, 
in the above case, we would assume water of a constant depth of 
2 feet to 2 feet 8 inches. Any good formula for the velocity of 
the flow of water in short pipes may be used, or the diameters 
may be taken from tables. (See Chapter XVII.) 

* The importance of this will be particularly appreciated in an earthquake 
country, where it is specially necessary to make provision against unknown seismic 
disturbances. 



CHAPTER XVI. 

Pumping Machinery. 

It is barely necessary even to mention that pumping machinery 
is one of the most important adjuncts of many waterworks ; and 
that, as a breakdown of such machinery may mean a total stoppage 
of supply and a '* water famine," it is of the utmost importance that 
the machinery be reliable. Further than this, as the consumption 
of coal, in the case of pumping systems, is one of the most con- 
siderable of the expenses of working, it is necessary that the 
machinery be eflBcient in the sense of raising the greatest possible 
quantity of water per unit of coal burned, or (as it would perhaps 
be better to put it) that the consumption of coal should be the 
smallest possible for the quantity of water that has to be raised. 

For these reasons, it is most desirable that civil engioeers 
should have some knowledge of the principles of pumping 
machinery, although it is not absolutely necessary that they 
should understand all details, these being a department of 
mechanical engineering. Indeed, however much a civil engineer 
may know about pumping machinery, the writer is of opinion that 
he should leave the details of construction to the makers of pump- 
ing engines, specifying with the utmost precision the work that 
the engines have to do, the position in which they are to be 
placed, and so forth. The makers of pumping machinery are 
certain to know more of the details of such machinery than most 
civil engineers. Elaborate specifications have generally the effect 
of hampering the makers, and result in machinery inferior to what 
would be got were the specifications confined to the general style 
of the engine, the work it is to do, the duty it is to develop per 
pound of coal, and the position it is to occupy, the makers being 
permitted to tender for the form of engines they prefer to make. 

Number and Type of Pumping Engines. — It is always 
necessary to have a certain proportion of " stand-by " power. In 
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other words, there must be more pumping engines than are at any- 
time needed in actual work, so that at least one engine at a time 
may be laid off for cleaning and repairs, and may be ready to be 
put in action in the case of a break-down of any of the other 
engines. In the case of small waterworks it is common to have 
double the quantity of power needed, in the form of two pumping 
engines, either of which is capable of doing all the work. The 
reason for this is that the first cost would probably be rather 
increased than otherwise, by subdividing the work more, when 
the engines are very small, even although the total horse-power 
might be less. Thus suppose the total horse-power needed were 
six I. HP. Two engines of six I. HP. each would probably not 
cost more than three of three I. HP. each ; moreover, in work, the 
efficiency of the one pumping engine of six I. HP. would be greater 
than that of the two of three I. HP. each. Of course there is no 
hard-and-fast line between small and large works, but it may be 
very roughly said that it is not advisable to subdivide the pump- 
ing power into more than two engines if, by so doing, separate 
engines of less than ten I. HP. each have to be adopted. 

In the case of large waterworks, the stand-by power need only 
equal one-third, one-fourth, or, in the case of very large works, 
perhaps one-fifth of the whole, there being, in such case, three, 
four, or five pumping engines. ^'^ 

In the case of large works, it is most economical to pump 
during the whole twenty-four hours, but, in the case of small 
works it is not so, as the cost for attendance during the whole of 
this time would be proportionately excessive. In the case of 
small works it is generally advisable to have an engine consider- 
ably larger than is necessary to pump at the rate of maximum 
daily consumption, and to work it for only a portion of the twenty- 
four hours, pumping directly into a high-level reservoir or tank — 
that is, of course, one engine besides the stand-by. 

The following table, giving the number of hours of working 

* In the case of Tokyo, Japan, there are to be three pumping stations. Each 
pumping station is to have four pumping engines, and three of these working at 
each station will be amply capable of supplying the present population of 1,200,000. 
There is, however, pro^i8ion for fixing a fifth set of engines at each station, w^hen 
four of these at work in each station will be amply sufficient for a population of 
1,600,000. 

In the case of Osaka there are to be three sets of centrifugal pumps for raising 
the water from the river to the settling reservoirs, any two of them being capable 
of supplying water enough for a population of 800,000. There are also to be five 
sets of main engines, any four of them being capable of supplying the same 
population. 

L 2 
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considered advantageous in the case of waterworks for towns, is 
slightly modified from Hennell, the towns being graded according 
to population : — 
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It may at first sight seem that, while going to the length of 
sixteen hours, it would be just as well to pump during the 
twenty-four hours, but there is a decided advantage in working for 
only sixteen hours, as this makes two reasonable "shifts" of 
men, whereas twenty-four hours is too long for two shifts. 
Further, the eight hours are convenient for small repairs. 

General Style of Pumps. — For moderate lifts the centri- 
fugal pump is very fairly eflBcient, and its great compactness, and 
(when by a good maker) the very small amount of repairing that 
it needs, recommend it strongly. It is not possible to give an 
exact limit to the lift up to which centrifugal pumps may with 
advantage be adopted, but it may be very roughly said that they 
are not to be recommended for lifts beyond about 25 feet, unless 
compactness of machinery is a first consideration and the consump- 
tion of coal only a secondary one. Of late years the "Archimedean " 
screw pump has been revived, and (the writer understands) has 
given great efficiency in the case of moderate lifts. 

For high lifts either single-acting (plunger) or double-acting 
(piston, or bucket-and -plunger) pumps may be used, but the modem 
tendency is to adopt the latter rather than the former. In the 
plunger-pump, water is drawn during the up-stroke and is 
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discharged during the down-stroke only, so that the deHvery is 
intermittent, unless there are several pumps. The Cornish and 
Bull engines, often seen at the pit-mouths of mines, but not now 
very often manufactured, are examples of plunger pumps. They 
were, formerly, extensively used for waterworks, but (so far as the 
writer knows) are now never erected, although there are probably 
some old pumps still in use. 

A piston pump needs no particular explanation, being simply a 
pump with a piston of the same character as in a steam engine. 
The bucket-and-plunger pump is really the equivalent of the piston 
pump. The cross section of the piston-rod or " plunger " has half 
the area of that of the cylinder and piston. At the down-stroke 
one-half the contents of the cylinder is forced into the main, the 
other half passes to the upper side of the piston or " bucket ; " at 
the up-stroke the water on the upper side of the piston is forced 
into the main, and the cylinder fills with water again under the 
piston. The bucket-and-plunger has the advantage of reducing 
the number of pump-valves to one-half of those necessary with a 
double-action pump. 

Pumps may be either horizontal or vertical, but the writer 
considers that there are distinct advantages in the vertical form. 
In the case of horizontal engines the *' in-stroke " — that towards 
the cylinder — corresponds with the " up-stroke" in vertical pumps. 

Types of Engines. — Steam Engines for working pumps 
may be divided into direct and crankshaft with fly-wheel engines. 
In direct engines the piston-rod of the engine and the piston-rod of 
the pump, or the plunger, are continuous, and there is no crank- 
shaft or fly-wheel. A typical direct engine is arranged in the 
following way. There are two cylinders side by side, the steam to 
each being controlled by an ordinary three-ported slide valve. We 
have to imagine steam admitted to the end of one cylinder, the 
piston of which is consequently moving towards the other end. 
When it comes to a certain distance from this end it strikes a lever 
which actuates the slide valve of the other cylinder. The other 
piston then begins to travel, and, when it has to a certain extent 
approached the other end of the cylinder, it in its turn strikes a 
lever that actuates the slide-valve of the first-mentioned cylinder, 
causing it to travel over, so as to admit steam to the opposite side 
of the piston from that which was supposed to be receiving steam at 
first. In fact, each piston actuates the slide valve that admits steam 
to actuate the other piston. This is a description of a very crude 



150 THE WATER SUPPLY OF TOWNS. 

form of direct pump, but they all depend on the same principle. 
Often, however, one of the two cylinders is only a very small one, 
whose sole duty is to actuate the slide-valve of the large cylinder. 

Direct engines of this kind are quite self-acting, and for 
this reason are very convenient. Up to their limit of capacity 
they pump just whatever quantity of water may be demanded of 
them, and they have the further advantage of being compara- 
tively compact. They are, however, very uneconomical, simply 
" shoving " the water ahead, without any expansion of steam. 
Of late years, however, direct engines have been vastly improved 
in the matter of economy, firstly by '* comj^ounding," and after- 
wards by the introduction of " high-duty gear." This gear is 
of various forms, but the object is always the same — namely, to 
absorb a certain quantity of power at the beginning of the stroke, 
and to give it out again towards the end — so that the steam may 
work expansively in the cylinder. It is claimed for some of the 
most modern direct-engines, with high-duty gear, that they give 
the same duty as a fly-wheel engine of good design working at the 
same pressure, or even a higher duty. 

The oldest fomi of crank-shaft and fly-wheel engine is the beam 
engine. This form of engine is still occasionally recommended, 
but it is gradually falling out of use, gieatly because of the very 
expensive foundations that it involves. More commonly the 
crank-shaft is now placed between the cyUnders of the pumps and 
the pumps, or beyond the end of the cylinders remote from the 
pumps, a tail rod being carried from the piston through the 
cylinder-cover remote from the pumps. 

The advantage of the crank-shaft form of pumping engine is, 
of course, that the steam may be worked expansively. The 
disadvantage is to be found in space occupied. 

A crank-shaft engine has nearly always at least two cylinders. 
The worst form of pumping engine with a crank-shaft is that in 
which there is only one single or double-acting pump, worked by 
the piston of one of the cylinders, the work of the other cylinder 
being all transmitted through the crank-shaft. In the first place, 
it is objectionable to transmit the whole of the work of one 
cylinder of an engine through the crank-shaft, on account of the 
violent strains set up : in the second place, a single pump is very 
unequal in its delivery of water. 

With two pumps, as well as two cylinders, the cranks at right 
angles, as is commonly the case in all kinds of two-cylinder 
engines, the delivery of the water is much more uniform ; but 
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there is a great advantage in the use of what is known as a 
" three-throw " engine — that is to say, one in which there are three 
cylinders, each working a pump, preferably double-acting, with 
three cranks at angles of 180°. The delivery of water from such 
an engine is nearly quite uniform. This is specially important in the 
case of engines that have to pump directly into distribution-mains. 

Steam pumping-engines may also be divided into condensing 
and non-condensing engines. The superior economy of condens- 
ing over non-condensing engines need not be dwelt on, and it 
is almost universal to have condensers with pumping-engines of 
any considerable size. In the case of very small pumping plant, 
it is scarcely advisable to go to the expense of condensers. The 
reason for this is that, in the case of small pumping plant, the 
actual price of coal forms only a comparatively small item in the 
working expenses, whilst the saving effected by a condenser is 
proportionably less than in the case of large plant. As already 
mentioned, it is not possible to draw any exact line between small 
and large plant, but the writer may state that he would scarcely 
consider it advisable to specify condensing engines, unless the total 
ten or more actual HP. were to be in use at one time. 

Condensers are either *'jet" or " surface." In the case of the 
former, the condensing water actually enters the condenser in the 
form of a jet, and has to be pumped out again, at the expenditure 
of some power, by the " air-pump." In the surface condenser, the 
condensing water and the steam do not come in contact, being 
separated by the large surface of a great number of small tubes. 
The jet condenser is considerably cheaper than the surface con- 
denser, but it is not well suited to engines that have to work at a 
varying velocity. It should not, therefore, be used except in the 
case of pumping engines that can be run at a nearly uniform 
speed. 

When a surface condenser is used for pumping engines, it is not 
necessary to have a separate *' circulating pump," as in the case of 
other forms of engines with circulating surface condensers, as the 
main water pumped by the engine itself may be allowed to act as 
circulating water. It will not be heated to any appreciable extent. 

Pumping engines are further divided into simple, componnd, 
triple expansion (or tri-compound), and quadiniple expansion. 
The object of compounding is to permit of the use of a greater 
expansion of steam than can be utilised in the case of simple 
engines, without excessive strain on the working parts and the 
framing or bed-plate. 
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As in the case of condensers, so in that of compounding. It is 
not generally worth the expense of compounding in the case of 
very small plant. The writer would incline to specify simple high- 
pressure engines without condensers, unless there were more than 
a total of twenty I. HP. to be in use at one time, but of course 
this is an entirely empirical limit. (The subject of triple and 
compound and of triple-expansion engines will be treated later 
on in this chapter, in the paragraphs on the Duty of Pumping 
Engines.) So far as the writer knows, quadruple engines have 
not been used for pumping, and he thinks it scarcely likely they 
will be, for a very considerable time at least, although he knows 
of a case where they were proposed. 

Yet again, pumping engines are divided into vertical and 
horizontal. There are advocates for both forms of engine, and 
probably each has its advantages. The writer is strongly in favour 
of vertical engines, but possibly this is a matter of prejudice. 

Length of Suction of Pumps. — In every technical 
work in which pumps are touched on at all, we are told that 
the atmosphere will balance a column of water 34 feet high, 
somewhat more or less, according to the height of the barometer, 
but that in practice pumps will not satisfactorily draw more than 
about 26 or 28 feet. All this is true, but it would really seem 
that some engineers have come to the conclusion that all pumps 
ought to be given such suctions. Such a view is certainly a mis- 
taken one. It is only with special precautions that a pump will 
work satisfactorily with such suctions ; and it may be said that it 
is almost impossible to make a pump of a form that has a very 
variable discharge — such as, for example, is given by one double- 
acting pump — work satisfactorily with such suctions except at a 
very slow rate. The probabilities are that, at any moderate rate, 
the pump will not fill, and at the turn of the stroke the piston will 
meet the rising column of water with a violent blow that will 
endanger the pump and the valve casings. The writer has known 
more cases of trouble, in connection with pumping machinery, to 
rise from too long suctions than from almost any other cause. It 
may be laid down as a rule, that every effort should be made to 
keep the suction of a pumping engine as short as possible ; and 
further, that any kind of pumping engine will work most smoothly 
when the water actually gravitates into the pump. 

It will of course be understood that when length of suction, or 
height of suction, is mentioned here, vertical height is referred to. 
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Length horizontally is not nearly so detrimental, but it is to be 
avoided if possible, as it increases the weight of water that has to 
be set in motion and stopped at every stroke, or that, at any 
rate, has to have its velocity augmented and retarded. Especially 
when the vertical limit is nearly reached, every foot of horizontal 
length increases the trouble. For this reason pumping wells should, 
whenever possible, be immediately below the pumps. 

It is to be observed that the suction is to be measured from 
the surface of the water to be pumped, to the highest paint of the 
inside of the pump barrel, whether this be horizontal or vertical. 

It will readily be seen that a vertical engine has an advantage 
over a horizontal one in this matter of suction. In the case of a 
vertical engine the pump may be, and, indeed, commonly is, fixed 
below the engine-room floor and, in fact, it may be placed as low as 
may be considered necessary or advisable. 

If a long suction is inevitable, " three-throw " pumps should be 
adopted, as the variation in the velocity of the column of water in 
the suction pipe is so much less than with other forms of pump. 

The Piston or Plunger Speed of Pumps. — The piston or 
plunger speed of pumps is limited by the capacity of the water to 
fill the pump during the time of a single stroke, violent ^' knocking " 
inevitably taking place, with the result of violent strains on the 
pumps and probable break-down. Naturally, the possible piston 
speed of pumps duly filling depends greatly on the size and form of 
the suction valves. It also depends to a considerable extent on 
the length of stroke. A great part of the success in designing 
pumping machinery depends on giving the pump valves, and 
especially the suction valves, a good form and size. 

Other things being equal, the longer the stroke, the greater 
the piston speed permissible. This applies, at least, to crank-shaft 
engines. The reason is that, with a given piston-speed, the longer 
the stroke, the slower the acceleration of velocity at the beginning 
of each stroke. The shorter the suction, the greater the piston 
velocity than can be got in practice. Pumps of a form that give a 
comparatively uniform discharge of water, allow a higher piston- 
speed than those that do not, if the suction pipes are properly 
arranged. With proper care, it should be easy to get a piston speed 
averaging 240 feet a minute, and it is even possible to reach a 
speed of 300 feet a minute in the case of well-designed pumps, 
without knocking. 

The comparatively slow speed at which engines working pumps 
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directly have to be kept down to, is one reason why such engines 
will not develop quite as much power as some that work at a high 
piston speed, such as marine engines. In the case of the latter, the 
cylinder has not time to be cooled, at the time of exhaust, before 
steam is admitted again, and thus loss by condensation is saved. 
Until lately at any rate, even slower piston-speeds than these 
mentioned were considered advisable with pumping machinery. 
The consequence is that gearing has not infrequently been resorted 
to, so as to combine a high steam-piston speed, with a low pump- 
piston speed. 

The Duty of Pumping Engines. — The duty of a pumping 
engine is the weight of water that it will lift one foot high 
per unit of coal used. The old unit of coal introduced by Watt 
was the bushel. As, however, the bushel is (strictly speaking) a 
measure of capacity and not a weight, the unit was found inconve- 
nient, and the cwt. of 1 12 lbs. was substituted for it. It is now more 
common to use a cwt. of 100 lbs. Ars will be pointed out hereafter, 
the writer considers a water unit to be better than any coal unit. 

Taking, in the meantime, the unit of 100 lbs., it was, until within 
the last twenty or thirty years, considered good work in practice, 
if a pumping engine developed 60,000,000 ft. lbs. of duty — or, as it 
was commonly put, had a duty of 60,000,000. This duty has since 
then been greatly exceeded. There are two reasons for this : one 
has been the use of higher steam pressures, the other the intro- 
duction of compounding. The higher the initial pressure, and 
consequently the temperature of the steam, the greater the 
eflBciency possible. This is in accordance with Carnot's now famous 
demonstration that the greatest quantity of work that can be got 
out of a heat engine — and, of course, a steam engine is a form 

of heat engine — is proportionate to -rp-, where T (in the case of 

the steam engine) is the temperature of the steam at admission, 
measured from absolute zero, and t is the temperature of steam in 
the condenser, also measured from absolute zero. 

It will readily be seen that the greater this difference can be 
made, the greater the efficiency ; and, as the temperature in the 
condenser is very nearly fixed, the only way in which this difference 
can be increased is to increase the initial temperature, which is 
done, chiefly at least, by increased pressure, being sometimes also 
done to a certain extent by superheating the steam before admission 
to the cylinder. 
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The pressures at which it is found practicable to work steam have 
been gradually increasing. Very high-pressure engines need much 
more care in designing and in construction, and more skilled attend- 
ance, than engines working at moderate pressures. It is only, 
therefore, in the case of very large installations that it is considered 
advisable to work at the highest pressures possible. It is perhaps 
approximately right to say that a pressure above the atmosphere 
of 150 to 160 lbs. per square inch is the most that it is advisable 
to recommend at the present time for pumping machinery, and 
this only in the case of boilers and engines that are in the hands 
of really skilled attendants. For many cases it will be found 
advisable to limit the steam pressures between 90 and 120 lbs. 
above atmospheric pressure. With pressures of less than 90 lbs. 
a high economy cannot be expected. 

Apart from the cooling effect of the cylinder on the incoming 
steam, compounding with fly-wheel engines has no advantage, 
beyond that of reducing the strains on the working parts and 
on the frame-work and bed-plate. If the material from which 
the cylinder and the piston are made were of such a nature as not 
to absorb heat, the whole of the power of a compound engine could 
be developed in the low-pressure cylinder alone, without in any way 
increasing its dimensions. As a matter of fact, however, the 
cylinder and piston are of iron, which is a good conductor, and 
absorbs and gives off heat rapidly. With great differences of 
temperature, therefore, the steam would be condensed to a wasteful 
extent at the beginning of each stroke by the iron that had become 
cooled at the time of exhaust, and this would be particularly so 
with the comparatively slow speeds that pumping engines generally 
work at. By compounding, and still more by tri-compounding, the 
range of temperature in any one cylinder is greatly reduced. 

Again, were an attempt made to do all the work of a compound 
engine, working at a high pressure, in the low-pressure cyHnder 
only, the strains produced by admitting this high pressure to a 
cyhnder of the large diameter of a low-pressure cylinder would be 
enormous. Other matters, such as loss by ^'clearance," would 
probably also reduce the efficiency. 

It will be gathered from what has been said that, the higher the 
pressures, the greater the advantage of compounding ; and that, 
further, a comparatively high initial pressure is essential to get the 
full advantage of compounding. Thus it may be said that the 
pressure should not be less than about 90 lbs. per square inch above 
atmospheric pressure, when compound engines are used. From 
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90 lbs. to 120 lbs. per square inch is a good economical pressure for 
compound engines. If pressures of 150 lbs. or thereabout be made 
use of, triple expansion, or tri-compound engines are more 
economical than compound engines, and have the advantage of 
lending themselves readily to the " three-throw " arrangement of 
pumps with crank-shaft engines. The '' three-throw " arrangement 
can, however, readily be effected in compound engines, by having 
one high-pressure, and two low-pressure cylinders. 

It is probable that, when steam of 200 lbs. pressure, and more, 
has been brought thoroughly under control, quadruple expansion 
engines may be applied with advantage to pumping work. 
Such engines have already been applied in marine work, but 
there appears to be some difference of opinion as to their 
usefulness. 

As has been said, the unit of coal now commonly taken is 
100 lbs. avoirdupois. The objection to taking coal as a standard 
is that coal is a very variable body. Even if, as is commonly 
done, it is specified that the coal to be used at the time of trials is 
" best Welsh coal," we are far from having an absolutely uniform 
substance. An attempt is sometimes made to get over this 
difficulty by weighing all the ash, clinkers, &c., produced, taking 
only the difference between this and the coal as the actual con- 
sumption. This brings us very near an absolute standard, if our 
coal is nearly standard to begin with, but not if we take coal 
at random ; for it is a fact not understood by all that — at any 
rate, when coal is burned in a steam boiler — less work is got out 
of a given weight of a poor coal, even after deducting all 
incombustible matter, than out of a rich coal that is nearly all 
combustible. Further than this, even assuming a perfectly 
standard coal, it is desirable to separate the performance of the 
boilers from that of the engines. 

It is sometimes specified that the engine shall have so much duty 
per lb. of coal " on the basis of 10 lbs. of water evaporated by 
1 lb. of coal." This seems to be bringing the thing to a reductio 
ad ahsurdnm: for why bring in the coal at all? It is simply a 
very clumsy way of specifying that the engines must develop 
so much duty " for 10 lbs. of steam from the boilers." If it were 
put in that way it would, in the writer s mind, be a very sensible 
way of specifying duty. In fact, this is just what he recom- 
mends. The duty to be done should be stated in lbs. of water 
evaporated in the boiler. This, then, leaves the questions of 
the efficiency of the boiler and of the engines entirely separate 
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— a thing which is particularly advisable when, as is very often 
the case, the boilers and the engines are by different makers. 

It does not matter much what weight of water is taken as 
a unit. Ten pounds is as good a unit as another, and may be said 
to correspond with 1 lb. of coal, inasmuch as 1 lb. of the best coal 
will evaporate 10 lbs. of water in the best forms of boiler, the feed 
water being introduced at a temperature of 212° Fahr. Taking, 
then, 10 lbs. of water evaporated as our unit, the water being fed 
into the boiler at the temperature of the boiling point at 
atmospheric pressure, let us consider what duty it is reasonable to 
expect from engines of different kinds. 

In the first place, the highest duty that an engine is capable of 
doing cannot be expected, unless the engine works at a uniform 
speed. The duties mentioned here are, therefore, only to be 
expected in the case of pumping uniformly, as into a high-level 
reservoir. In working irregularly, as when pumping directly into 
a main, or even when pumping into a stand pipe holding only a 
few minutes' supply, or, indeed, any supply not sufficient to 
compensate for the variation in the consumption during the 
twenty-four hours, so high a duty need not be expected. 

With compound engines, having working pressures of steam 
between the limits of about 90 and 120 lbs., it is fair to expect a 
duty of 1,000,000 for 10 lbs. of water evaporated. With triple 
expansion engines, working at a pressure of 150 or 160 lbs., a duty 
of 1,200,000 ought to be obtainable. With large centrifugal 
pumps, and with a head not exceeding, say, 25 feet, a duty of 
600,000 ought to be developed. With ordinary condensing, or 
very small compound, a duty of more than 400,000 to 500,000 
need not be looked for ; whilst small high -pressure engines, of only 
a few horse power, need not be expected to give a duty of over, 
perhaps, one half or one third of this. 

Referring to the high duties of 1,000,000 to 1,200,000— which, 
it is stated, should be obtained by large compound condensing 
engines, pumping at a uniform speed — the writer is quite aware 
that, according to reports issued by the makers of pumping 
machinery, these duties have often been exceeded. He has seen 
duties stated as being anything up ta 1,500,000 for 10 lbs. of 
water evaporated. All he can say is, that if the duties he has 
indicated in the last paragraph are got in practice, the engineer 
has every reason to be well satisfied. 

Lest there should have been want of clearness in what has been 
stated above, it is here put in a different form. The duty for any 
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engine, taking 10 lbs. of water evaporated as the unit, is got by 
the following formula : — 

w 
Whei-e 

D = duty in foot lbs. for every lb. of water evaporated in the boiler ; 
H = the height in feet to which the water is pumped ; 
W= the total weight of water in lbs. pumped during any interval of time ; 
w = the weight of water, in lbs., evaporated in the boiler, during the same 
interval of time. 

A word or two ought to be said about H. It is properly the 
difference between the level of the water at the surface of the 
reservoir or pump- well from which the water is drawn, and the 
level of the reservoir or stand-pipe into which it is pumped. If, 
however, there is a long forcing main, the pressure necessary to 
overcome the friction in this main must be converted into the 
equivalent in feet of head of water, and be added to H. In fact, 
it is only in such a case as that shown diagrammaticaJly in 
Fig. 146 (p. 141), where the engine pumps directly into a stand-pipe 
of such diameter that the friction in the pumping main can be 
entirely neglected. In the case of a long horizontal suction-pipe 
— a thing always to be avoided if possible — the head necessary to 
overcome the friction in it, should also be added to H, but the 
friction in the short vertical suction-pipe that ought always to be 
used is not commonly allowed for, as this pipe is, as a matter of 
fact, looked upon as part of the pump. 

W is readily found, by seeing that the water level in the boiler 
is the same at the end of the trial as at the beginning, and 
measuring the quantity of water that has been fed into the boiler. 

Horse Power of Steam Pumping Engines. — The horse 
power that ought to be stated in connection with pumping engines 
is the actual HP. as measured by a certain quantity of water lifted 
a certain height, the friction of the forcing main being taken into 
consideration, as explained above. In other words, it is measured 
by the quantity of water that could be pumped to a higher level 
than the actual one, were the main frictionless. That is to say, 

the horse power = J^-^^ 

Where 

W = the total weight of water in Ibe., Ufted in one minute of work, and 
H = the height, in feet, to which the water is pumped, with addition for 
friction in pumping main, as described above. 

Still it is sometimes (indeed, often) useful to be able to 
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compare the indicated horse power — ^the horse power developed 
in the cylinders — with the actual work done in horse power ; as it 
is only by so doing that we can ascertain where any loss of 
efficiency there may be in the engine is to be found. (It need 
scarcely be stated that the term '* nominal horse power " is one 
now having no meaning at all. The sooner it is banished from 
all writings on engineering the better.) 

The indicated horse power is the actual horse power x -, 

where c is the co-efficient of efficiency of the engine and pumps, 
and is always less than unity. The difference between c and unity 
represents, in fact, that part of the work done in the cylinder that 
is used up by friction in the moving parts of the mechanism, and 
in the water passing through the pump valves and the passages 
leading thereto and therefrom. In good large engines c should 
reach at the very least '8, and *9 is not too much to look for. 
The writer has seen a much higher figure than even this latter 
stated — one, in fact, very closely approaching unity — but he 
imagines there has been some error in the tests made. In fact, it 
is almost certain that this is the ca^e, if it is borne in mind that 
I. HP. cannot be taken without a possible error of several per 
cent., even with the best indicators, and using all possible care. 

Ninety per cent, of the work done in the cylinders, in water 
actually pumped, can, as has been indicated, be got in the case of 
high-class machinery; but it would not do to design engines capable 
of developing in the cylinders only the excess of about eleven per 
cent, over the work as measured by the water to be pumped, that 
is represented by the difference between '9 and 1. In fact, even 
the largest engines should be made capable of developing in the 
cylinder at least fifty per cent, more power than that actually 
needed in lifting the water. This involves, for the greatest 
economy of working, that the high-pressure cylinder, at least, 
should be fitted with variable expansion-gear, to be linked up so 
as to reduce the I. HP., not by wire-drawing the steam, but by 
reducing the length of admission when, as ought always to be the 
case in normal working, the whole fifty per cent, excess of power 
is not being used. 

Small engines, whether compound or high-pressure, should be 
made capable of developing, in the cylinders, twice the power that 
will ever be actually used. 

Taking what has just been said into consideration, it will be 
found that, if it is necessary to specify what I. HP. the engines have 
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to be capable of developing, the following formulse will be found 
to answer : — 

In the case of large engines : — 

83,000 X 2 
In the case of small engines : — 

J „p WxHx2 

* " ' 33,000 
Where 

W = the weight of water in Ibe. lifted during one minute, and 
H = the height in feet lifted, with addition for friction of forcing main as 
described above. 

We have here the very common difficulty that there is no hard 
and fast line between small and large engines. The engineer 
must, therefore, use some judgment. In any case, however, it is, 
as we have indicated, not advisable to specify the horse power of 
a pumping engine, but to specify, with all the precision possible, 
and giving every detail, the work that the engine has to do, the 
position that it has to be in, and so forth. 

Whilst on the question of horse power, we may, perhaps, be 
allowed to give a figure which is to be taken as very roughly 
approximate only, but which we have found very useful at times. 
Leaving very small installations out of the question, it will 
be found that 1 I. HP. is sufficient for each 1,000 of population, 
pumping into a reservoir against a head of 100 feet, making ample 
allowance for friction, and also for stand-by and pumping. If 
pumping into the main direct, it is necessary to provide 1^1. HP. 
per 1,000 of population, the other figures remaining the same. 

Pumping into Reservoirs and Pumping directly into 
Mains. — There are many advantages in pumping into a 
reservoir or tank large enough to compensate for the variation of 
consumption during the twenty-four hours, and, in the case of 
small instalments, there is advantage in having a tank or reservoir 
so large, and engines so powerful, that the whole of the pumping 
may be done at a uniform speed during a part only of the 
twenty-four hours. 

The difficulty in getting sites for elevated reservoirs, however, 
and the enormous expense, if not impracticability, of elevated 
tanks for large populations, has made it necessarj^ in many cases, 
to do without either reservoirs or tanks holding sufficient water to 
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compensate for the variation in consumption during the twenty- 
four hours, and a system of pumping more or less directly into the 
mains has had to be adopted. The first stage in this direction is 
the use of elevated tanks that do not hold enough water to allow 
the engines to work at uniform speed during the twenty-four 
hours, but that hold a supply for, say, an hour's consumption, 
thus making it necessary to vary the speed of the engines from 
time to time. The next step is the introduction of a stand- 
pipe, holding a supply of only a few minutes' consumption. 
This can be looked on merely as a regulator, for preventing 
quite sudden changes in the working speeds of the engines. 
The last stage is that in which the engines pump directly 
into the main, there being no further cusion than that afforded 
by the air in one or more air-vessels. Such engines must 
follow exactly the consumption of water, the air-vessels being of 
use only to prevent undue shock on the machineiy, and to increase 
the uniformity of the flow of water into the mains. It is only 
comparatively lately that pumping machinery has been brought 
to such perfection that it is possible to depend for a town supply 
on such a system, but it is now being adopted in various parts of 
the world.* 

If this system be adopted, it is to be observed that the 
engines, apart from the stand-by, must be capable of pumping at 
the rate of absolute maximum consumption ( + an allowance for 
fire extinction, to be treated of further on). The engines must be 
specially designed to work at variable speeds, and it is best to 
have an automatic contrivance for controlling the speed. A 
consideration of the manner in which the accumulator of hydraulic 
pumping-engines controls the speed of the engines, according to 
the number of machines at work, will readily suggest how pumping 
engines to pump directly into mains may be controlled. The 
most perfect arrangement is that in which the controlling gear 
actuates a differential expansion gear, varying the length of 
admission of steam to the high-pressure cylinder, or to all the 
cylinders, instead of wire-drawing the steam by a throttle valve. 
Of course, besides this, where there are several engines at work, at 
the time of maximum consumption there will be regulation by 
hand also, the attendant seeing that there are never more engines 
at work than are necessary to do the pumping to correspond 
to the consumption without working at an excessive speed. It 

* This system is being adopted for the Tokyo waterworks. 
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would not be difficult to design gear for automatically effecting 
this stopping and starting of the engines, according to the 
demand for water ; but it is likely that such a complication would 
not meet with the approval of many engineers. With engine power 
divided up into any number of engines common in connection 
with waterworks, there will never be more than one engine 
at work during the hours between midnight and early morning, 
unless there is great leakage from the mains or house services. 

It is to be observed that, although tlie horse power of the 
engines must be sufficient to pump the maximum quantity of 
water needed at any time of the twenty-four hours, the whole 
duty of the engines during that time will be the same as if pump- 
ing into a reservoir, as the engines are nearly at rest for some 
of the time. 

As has been said, so high a duty per unit of coal burned, 
or per unit of steam evaporated, cannot be expected in this 
case, as in the case where engines work at a uniform speed. 
It will be possible, according to the amount of variation and 
the efficiency of the controlling arrangement, to get 50 to 85 
per cent, of the duty that can be got from engines working at a 
uniform speed. 

In conclusion, with regard to steam pumping machinery, what 

an engineer will generally find it best to do is to specify exactly 

the work that the pumps are expected to do — giving their exact 

position, the level of engine-house floor above the level of the 

water to be pumped, whether the water is to pump into the main 

direct or into a reservoir, and in the latter case the length and 

diameter of the force-main, specifying the duty that the engines 

will be required to develop, and being very careful in this matter 

that there is no room for misinterpretation. If the engineer really 

has had considerable experience in estimating the duty of engines 

he may specify exactly how the test is to be carried out. Further 

than this (assuming the works to be on a considerable scale) he 

should generally specify high-pressure compound, or tri-compound 

engines (mentioning certain limits of working pressure), with 

surface condensers, the main pumps to act as circulating pumps, 

double-acting pumps, and, if a crank-shaft design be adopted, the 

three-throw arrangement of cranks and pumps, the high-pressure 

cylinder to be steam-jacketed,* also the intermediate cylinder in 

» 
♦ There is considerable difference of opinion as to the desirability, or not, of 
steam-jacketing low-pressure cylinders. In tri-compound engines, the intermediate 
cylinder at least should be steam jacketed. 
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case the tri-compound design be adopted, the low-pressure cylinder 
and all steam jackets to be lagged with polished wood, &c. 

In fact, what is written above, with the usual additions about 
" best style of workmanship, the provision of all necessary 
fittings, etc.,'* would very nearly make a sufficiently complete 
specification. 

It is generally advisable to allow the makers of pumping 
engines to design foundations for the engines they propose. 

The writer is tempted to give one or more designs of pumping 
engines, but refrains from doing so, as he feels that he might be 
falling into something like the fault of those engineers who merely 
place difficulties in the way of the makers of pumping machinery, 
by binding them to special designs, the more so as he holds pretty 
strong opinions as to what is the best form of pumping engine for 
general waterworks use. He will only say that it is one without 
complicated gearing, and one that is covered by no patents. 

Pumps of the pulsometer type are usefiil for many purposes 
in connection with waterworks, as with so many branches of 
engineering, especially for temporary work or where it is neces- 
sary frequently to change the position of the suction-pipe, or 
even of the pump, but they are not to be recommended for 
constant work. 

Boilers for Pumping Engines. — The boiler that will be 
efficient for any other kind of steam engine developing about the 
same amount of power, will be efficient for pumping engines, and 
this is not the place for a dissertation on boilers in general. A 
few general statements only will therefore be made. 

Any really good boiler should be capable of evaporating 
at atmospheric pressure 10 lbs. of water fed into the boiler at a 
temperature of 212° Fahr. per lb. of the very best coal. This is 
on the assumption that firing is not forced beyond the point 
at which the coal can be burned economically — the assumption, 
that is, that the boilers are as large as they should be, and that 
all other conditions are favourable. It is not unreasonable to 
specify that boilers shall do this duty, weighing only the portion 
of the coal actually consumed, that is to say, the difference in 
weight of the coal consumed, and of the ash, or even taking the 
actual weight of the best Welsh coal. 

In the case of locomotive boilers, and to nearly the same 
extent in that of marine boilers, the object is to be able to 
evaporate the greatest quantity of steam possible, with a given 

M 2 
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capacity of boiler. The consequences are that a fierce combustion 
is maintained in the fire-boxes of these boilers, and that the 
quantity of water they contain is comparatively small. This makes 
it difficult to keep the pressure of steam constant, and causes the 
efficiency of the boilers to be less than it might be, unless the 
greatest care is exerted in firing, and in the care of the boiler. 

In the case of boilers for pumping machinery for waterworks 
there is generally no great necessity to economise space, and the 
old Cornish or Lancashire boilers — which, after all, if properly 
arranged, give a greater economy than any other boiler — are 
commonly adopted. Still, the writer has known boilers of the 
marine type, and even of the locomotive type, used with great 
succeps to generate steam for pumping machinery. 

Boilers of the ** tubulous " or " water tube " kind, consisting 
of a number of tubes with water circulating through them, the 
firing being external, with a steam drum overhead to collect the 
steam, have the great advantage that they can be packed in small 
capacity, and are, therefore, easy of transportation. Moreover, 
the best of them are highly economical. They are, therefore, 
used with advantage in cases where boilers have to be imported 
from distant countries, or where there is, for any reason, great 
expense in getting heavy parts into position. 

Manufacturers should be allowed to design chimneys and all 
brick-setting for their own boilers. It is quite unreasonable to 
expect them to guarantee any particular efficiency, unless they 
are allowed to do so. 

Even if the engineer specify the type of boiler, he should also 
specify, with great exactness, the duty that it will be called on to 
perform. It is often convenient to get tenders for boilers and 
engines from the same firm, even if the firm does not itself 
manufacture boilers ; as there is thus a certainty — or almost a 
certainty — ^that the boiler power will be properly proportioned to 
the work it has to do, and, at any rate, if it is not, the maker of 
the engine is responsible. 

Other Forms of Motors for Pumping Water. — In not 

a few cases — especially, perhaps, in Holland — water-power is used 
for pumping water in large quantities for various purposes. It is 
evident that, where such power is available, there is a distinct 
advantage in using it. In the first place the machinery is not 
genera% of a complicated nature, and, in the second, all con- 
sumption of coal is saved. 
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Wherever there is even a moderate fall, and it is necessary to 
raise only a comparatively small portion of the water, this portion 
can be raised to a height above the top of the fall, the height that 
it can be raised being inversely as the quantity of water that has 
to be raised in terms of the whole water. Leaving friction out of 
the question, the height to which the water can be raised is 
expressed by the formula — 

H = •L^Q 
4 

Where H <= the height to which the water can be raised; 
h = the head of water available for raising it; 

This is on the assumption that the actual pump is at the 
bottom of the fall. There may be cases when it would be 
convenient to place it at the top of the fall, connecting it with 
connecting rods or other contrivances with a motor at the bottom 
of the fall. In this case Q must be taken as the total quantity of 
water, less that to be raised. In either case the water will be 
raised to the same level. 

The quantity of water that can be raised to a given height 
is expressed by the following formula, friction being again left out 
of consideration : — 

the symbols having the same signification as before. 

Overshot and breast wheels have probably been more used than 
any other kinds of motors for pumping water, and they have the 
advantage that, if of considerable size, they revolve slowly, or 
pumps may be connected to them through cranks and connect- 
ing rods only. 

Of late years turbines have been used to some extent ; and, 
although the writer does not know of any case of the use of it, 
there is no reason why the Pelton wheel, or "hurdy-gurdy," 
should not be used for pumping. The high velocity of either of 
these involves gearing between the spindle and the pump. 

With any of the motors mentioned, an efficiency of about f may 
be expected ; that is to say, the water can be pumped to f of the 
height got by the first of the two formulae given, or f of the water 
got by the second formula can be pumped. 

It is not at all necessary that a water motor be employed in 
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pumping part of the water of the same stream that actuates it 
For example, the water of an impure stream may be used to 
^ictuate a motor pumping water from a pure spring. 

The hydraulic ram is extensively used for raising water to a 
height considerably above the top of the fall available as motive 
power, although not for pumping very large quantities of 
water. In this ingenious mechanism, advantage is taken of the 
force of '* ramming " that exerts itself when the flow of water in a 
pipe of some length is suddenly stopped. Water is allowed to flow 
along a pipe of considerable length with some fall. When the 
water is just approaching its maximum velocity the flow is 
suddenly automatically checked, when the pressure inamediately 
rises, the augmentation of pressure being utilised to force a certain 
proportion of the water to a height above the top of the fall pipe. 

The usefulness of hydraulic rams has been greatly increased 
since the introduction of those forms in which the water for 
the motive power may be from one source, that pumped from 
another. 

Gas engines and hot-air engines are frequently used for 
pumping water, but on a small scale only. They do not, therefore, 
call for special description here. The same may be said of 
pumping by electric motors. 



CHAPTER XVII. 

Flow of Water in Conduits — Pipes and Open Channels. 

Channels for Water. — A conduit is properly any channel 
that serves to carry water from one place to another, but the term 
is, in engineering, only applied to artificial channels. Further than 
this, although in the widest engineering sense a pipe must be 
considered as a conduit, still in hydraulic engineering a distinction 
is generally made. Thus, by a pipe is understood a channel of 
circular section, constructed in lengths intended to be jointed 
together ; and in the case of waterworks, pipes are nearly always 
intended to rxm full of water, which is frequently under pressure. 

Conduits are structures excavated or built, or excavated and 
built, and are either open or closed, the former being in fact 
canals with a considerable velocity of flow. Covered conduits 
may be subdivided into (1) those made on the "cut and cover" 
principle, and (2) tunnels. In the case of the former a trench is 
made, the bottom being excavated, or built to the form of the 
lower half of the conduit, this being then covered, and the trench 
being filled in. Nearly all sewers are " cut and cover " conduits. 
The object of tunnelling is the same as in the case of railways, 
either to shorten the distance, or to get through obstacles that it is 
impossible to get round or over. Tunnels may be lined, or not, 
according as the strata they pass through are pervious or water- 
tight. When conduits are of very large size they are commonly 
called aqueducts. 

Many books, papers, and dissertations have been written about 
the laws regulating the flow of water in pipes and conduits, and 
innumerable formulae have been deduced. It is not the writer's 
purpose to discuss the various merits of these at all, but rather to 
describe the way in which practical use may be made of them. 
They are to be found in every pocket-book of engineering, in all 
works on hydraulic engineering, &c. Those given in books of 
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established reputation are nearly always near-enough approxima- 
tions to be used in practice.* 

When water has to be carried under any considerable pressure, 
pipes are always used, and these are nearly always of metal.t 
When water is to be carried without pressure, either pipes or 
conduits may be used. For small sizes pipes are generally to be 
preferred, as there are cei-tain conveniences in connection with 
their use. Stoneware pipes are strongly to be recommended for 
small sizes, when it is intended that there shall be httle or no 
pressure. They have the advantage of making a clean conduit 
that can be put down at a low price. The best quaUty of glazed 
and vitrified pipes only should be used, and, if they are to be 
subjected to even slight pressures, each pipe should be tested to 
at least twice the pressure that it is ever likely to be subject to. 
The trenches for pipes should be carefully excavated, a space being 
dug out under each socket, so that the pipes will bed through the 
whole of their length. The joints should be made by forcing a 
ring of spun yam into the sockets, and carefully filling up with 
strong cement-mortar consisting of one part of Portland cement 
with not more than an equal part of clean sharp sand. Pipes 
with joints of the " Stanford " type may be used with advantage. 

As regards built or excavated culverts, open or covered, it is 
not possible in the case of open, nor advisable in the case of 
covered, conduits, to allow the water to be at pressure. The 
'^ hydraulic grade line," in this case a line along the surface of the 
water, may change its inclination at certain points, where the 
area of the cross section of the flow of water is also changed, but 
between these points the grade line must be strictly followed. 
The consequences are that great expense is sometimes involved in 
contouring the land, or in constructing elevated conduits. With 
pipes even of stoneware it is permissible to have at least a sUght 
pressure in the pipes, so that they need not strictly follow the 
hydraulic grade. They must not rise above it, but they may be 
allowed to fall somewhat below it, and this is sometimes a great 
convenience. It is quite possible, with due care, to lay stoneware 

* Those who wish to see the merits of the various formulso most commonly in use 
discussed, are recommended to read the chapters* in Fanning's "Treatise on 
Hydraulic and Waterworks Engineering " on the subject. In these it is treated of 
at considerable length, and, so far as the writer is able to judge, with great acumea. 

t The only exception that the wTiter knows is that of the small water- works of 
Hatanomura, Japan, designed by Mr. I. Iwata, C.E., where the pipes for the 
distribution are of stoneware, jointed with a composition, the invention of Mr. Iwata, 
and have pressure in them corresponding with a head of 70 feet. 
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pipes so as to be water-tight under a pressure corresponding to a 
head of about 10 feet. This means that, when stoneware pipes are 
used for conveying water, the pipes may, at any part of their 
course, fall any depth up to 10 feet below the hydraulic grade- 
line, as will be seen further on, when the hydraulic grade-line is 
treated of in connection with water flowing under pressure in 
pipes. 

The writer recommends the use of stoneware pipes, in pre- 
ference to built conduits, up to a diameter of 24 inches. 

Open Channels. — In connection with waterworks, open 
channels should be used only for water that is to be filtered, 
and even then should not be used in places where there is 
danger that the water may become polluted with organic matter. 
In other words, open channels should never be allowed through 
populous districts. Again, they are not, as a rule, to be recom- 
mended along the sides of steep slopes, as they are liable to 
become choked with accumulated snow, obstructed by falling 
boulders, and so forth : moreover, it is generally objectionable to 
allow them to intercept the surface rain-water, as they will, unless 
provision is made to carry it away ; and such provision is sometimes 
more or less troublesome to make, involving considerable 
additional excavation along the upper side of the channel, to 
allow room for a rain-water channel, and arrangements at 
short intervals for carrying storm water over, or under the main 
channel. 

Velociti/ of Flow of IVater in Open Channels. — There are 
several factors to take into consideration in connection with the 
velocity of the flow of water in channels. In the first place, there 
is the very evident one that, the greater the velocity of flow, the 
smaller in cross section need be the channel, and, therefore, the 
more cheaply may it be constructed. There are many cases in 
which the fall is not at all restricted, and in which it would be 
quite possible to have very high velocities. It has been found, 
however, in practice, that mean velocities of over about 
5 feet per second are objectionable. Higher velocities are 
liable to carry heavy matter along the bottom of the channel and 
to abrade it seriously, unless a very expensive construction is 
adopted. If the general fall is such that a higher velocity than 
this would result from following it, the channel must be carried 
for a certain distance with a moderate fall, and then be given a 
sudden drop over steps in the form of a tumbling bay. In some 
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cases advantage may be taJ^en of the power otherwise lost at 
such drops, by making the water pass over waterwheels, or 
through turbines, but great care must be taken that the water is 
not thereby subjected to any contamination. 

There is an advantage in slow velocities, that parts of the 
channel that would otherwise have to be lined, not necessarily to 
prevent the leakage of water, but to prevent the erosion of the 
banks and sides, may go unlined. Thus with a mean velocity of 
not over about 2 feet a second, only fine clay and such like 
material is likely to be disturbed ; whereas, if there be a velocity 
of only 1 to 1^ feet per second, no kind of ground that a channel 
is likely to be made through will be eroded. 

On the other hand there is the objection to these low velocities, 
that vegetation is likely to flourish in the channels to such an 
extent as to seriously obstruct the flow of water. Such vegetation 
is entirely prevented by velocities of from 2 to 3 feet per second, 
according to the nature of the climate.^ 

The velocities most favoured by European and American 
engineers appear to be from a little under 2 feet a second, to a 
little over 3 feet a second. 

Fonn of Cross-section of Open Channels. — In every formula for 
determining the velocity of the flow of water in channels, either 
open or otherwise, it will be found that the " hydraulic mean 
depth" is a term in some form or other. The hydraulic mean 

depth = - — 

Where 

a = the area of the cross section of the flow of water ; 

p = the " wetted perimeter," that is to say, the length of that part of the perimeter 
of the cross section of the channel that the water comes in contact with. 

Both are, of course, in the same terms, so far as an area and a 
line can be in the same terms. If the area be in square feet, the 
wetted perimeter must be stated in linear feet, and the hydrauhc 
mean depth will be in feet. If the area be taken in square inches, 
the two linear dimensions will be in inches. 

The greater the hydraulic mean depth the higher the velocity 
for any given cross section, or the less need be the area of the 
cross section, or of inclination, or both, for any given velocity or 
discharge. It is generally, therefore, an object to give a channel 
such a form that the hydraulic mean depth may be as great as is 

* In Japan, where the excessively hot and moist summers engender extremely 
rapid vegetation, it would seem that a velocity of at least 3 feet per second is neces- 
sary to prevent the obstruction of open channels with weeds. 
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compatible with any form of construction at all economical ; 
although, in cases where there is ample fall, it may be convenient 
to adopt sections that are of forms having the hydrauhc mean 
depth considerably less than it could be made. 

The hydrauhc mean depth of a circle, or of a semi-circle, is one 
quarter the diameter, and the circular, or the semi-circular, section 
gives the greatest hydrauhc mean depth that it is possible to get. 
This is simply because a circle is the figure in which a given area 
is bounded by the shortest possible hue, and, in the case of the 
semicircle, the straight diameter line not being taken into con- 
sideration, the relation of area and length of hne remains the same 
as in the circle. 

From this it follows that a semicircular section is hypothetically 
the best to adopt for open channels. This section is, however, 
very seldom adopted, on account of the expense of construction. 
If a mere semicircle were sufficient, the section would not be so 
troublesome to use ; but it is to be borne in mind that, to get 
advantage of this form, the semicircular section must be that of 
the water, not that of the actual channel, and, of course, it is not 
permissible to have the water flowing to the very top edge of the 
channel. There are several reasons for this. In the first place, 
it would be impossible to so regulate the flow of the water that, 
normally just touching the upper edge of the channel, it should 
never overflow it. Then there are waves to be taken into account. 

It is, however, when we come to consider the possibility of the 
freezing of the channel that the necessity for some considerable 
height of bank above the level of the water is most evident. If 
ice forms on the surface of the water of an open channel, the 
section of flowing water is, of course, reduced by exactly the area 
of cross section of the ice. This can be compensated for by 
increasing the discharge of water, when the level of the ice surface 
rises. But there is much more than this to be taken into con- 
sideration. We saw that the ** wetted perimeter" is that length 
of the boundary of the cross section that is wetted by the water. 
That part of the boundary that is in contact with the air, in the 
case of a semicircular section the diameter line, is not included in 
the wetted perimeter. The air offers a certain amount of resistance 
undoubtedly, but, in the case of the comparatively slight velocities 
of flow advisable in open channels, the resistance is so small that 
it may be left out of consideration. When, however, even the 
thinnest film of ice is formed on the surface of the water of an 
open channel, the under side of the ice forms part of the wetted 
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perimeter, which is thus greatly increased, the flow being retarded 
to a very marked extent. This can only be compensated for by 
allowing the surface of the water bearing the ice to rise. 

For these reasons the banks of open channels must rise for any 
height from 1 to 3 feet above the normal level of the water, 
according to the size of the channel and other considerations. 

The form of a semi -circle with 2 or 3 feet of vertical sides, or 




Fi*;. 148. — Section of open channel of curvTlinear fomu 

even with the corresponding length of sloping sides, above it, would 
form a section very awkward and expensive to construct. An 
approximation to it, however — somewhat as shown in Fig. 148 — 
is sometimes adopted. 

If the sides are to be straight, the greatest hydraulic mean 
depth is got by adopting half of a hexagon as a section, as shown 
in Fig. 149, and this is in some cases a very good section to adopt 
in practice, though it is generally better to give the sides a less 
steep slope. 

A rectangular section is occasionally adopted, but not often. 
It is a convenient section in the not very common case where 
a channel is cut out of solid rock. When a rectangular section is 
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Fig. 149. — Section of open channel of seroi-hexagonal form. 

adopted, it should be of such proportions that the depth of the 
water is equal to one-quarter the width of the stream — that is to 
say, if it is wished to have the smallest area of channel possible. * 

Construction of Open Channels. — When open channels 
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are constructed through formations that are water-tight, and that 
are of such a nature that the water will not tend to wash them 
away, these channels may be without lining, but, as a rule, 
channels for conveying water have to be lined. 

There are two separate objects in lining channels — one is simply 
to prevent erosion, the other is to prevent leakage of water 
through a porous soil. Very commonly the lining has as its 
object the prevention of both of these objectionable actions. 

If lining is needed merely to prevent erosion, stone pitching is 
sufficient. If the bed of the channel is not water-tight, this stone 
pitching must be backed with puddle, or the bottom and sides of 
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Fig. 150. — Section of open channel embanked — scale ^ 



the channel may be made of concrete lined with brick in cement 
mortar or rendered in cement. 

Open channels have sometimes to be embanked above the 
natural surface of the ground. In this case the embanking must 
be done with the very utmost care, the earth being very closely 
rammed, to prevent danger of settlement, and it is probable that 
it is better to depend on puddle than on any other substance for 
material for making the channel water-tight, as leakage is less 
likely to take place, in the event of slight settlement, with puddle 
than with a non-yielding material such as concrete. Fig. 150 
shows the form of canal on an embankment adopted for carrying 
water into Tokyo. 

. In the case of open channels carried along the side of a steep 
slope — as already stated, an arrangement not advisable in the case 
of conduits for waterworks — it is common to embank the lower 
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side, the excavated material being used partly, or entirely, to 
construct this outer bank. An example of this construction is 
shown in Fig. 151. Sometimes a small puddle wall is constructed 




Fig. 151. — Section of open channel on slope. 

in the middle of the bank, somewhat after the method adopted in 
the case of the dams of impounding reservoirs. 

Covered Conduits. — Covered conduits are divided into 
those that are entirely excavated, and those that are constructed 
on the "cut and cover" principle. To these might be added 
culverts raised entirely above the surface of the ground. 

J(elocitt/ of Flow in Covered Conduits. — The same considerations 
have to be taken into account here as in the case of open channels, 
except that' the question of vegetation does not come in, for there 
is Uttle or no tendency to vegetation in the darkness of covered 
conduits. The velocities most favoured by hydraulic engineers in 
covered culverts seem to be the same as in open — ^that is to 
say, from somewhat under 2 feet per second to somewhat over 
3 feet. 

Form of Cross-section of Covered Conduit, — The factors deciding 
the form of the cross-section of a covered conduit are extremely 
complicated, so many conditions having to be fulfilled. Thus, in 
the case of tunnelling, none of the considerations that go to make 
up the practice of that particular form of engineering can be left out 
of the question. Then, again, other things being equal, the form 
should be selected that gives the greatest hydraulic mean depth ; 
but other things are not equal — if the expression may be allowed — 
for it is necessary not to leave out of consideration the greater 
faciUty of constructing certain sections than others. Moreover, in 
many cases — indeed, in most — we must take into consideration 
the form that is best calculated to resist external pressure, and 
the cross-section selected is commonly a compromise; but the 
writer is not aware that it is possible to give any general expres- 
sion for the best form of compromise, especially as it must vary 
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with the nature of the formation that the covered conduit passes 
through. 

It is also necessary to take into consideration cases in which 
conduits have to be constructed above ground, and when it is 
necessary that the sides should be able to support not only the 
internal pressure of the water, but any thrust that they may be 
subjected to from the covering roof, generally in the form of an 
arch. 

With conduits intended always to run full, a circular section 
has an advantage, so far as hydraulic mean depth is concerned, in- 
asmuch as, taking a circular section, the area is reduced to the 
smallest possible. The circular section is sometimes adopted, 
but not often, for it is not the best section for resisting unequal 
external pressures ; moreover, it is troublesome to construct, and 
it is seldom that it is desired to have culverts running quite full ; 
and, indeed, it is impracticable to make them run quite full, unless 
the water in them is under pressure, for the highest velocity is 
attained even in a covered circular conduit when it is running only 
about l^ths full, and even the highest discharge is got when it is 
running not quite full. This is because the last stage in filling a 
circular conduit adds greatly to the wetted perimeter, and very 
little to the section of flow. 

As the writer is unable to lay down any general principles to 
guide the engineer in designing cross sections suitable to all con- 
ditions, and doubts if it is possible to lay down such general 
principles, he is satisfied to give a series of drawings illustrating 
the cross-sections of large conduits that have actually been carried 
out or suggested by some of the most eminent engineers. These 
will be found in Plate XXXVI. (Figs. 152 to 168). 

Fig. 152 shows the section adopted for the Loch Katrine 
waterworks, for supplying Glasgow, for tunnels that were through 
impervious rocks. 

Fig. 153 shows the section adopted in the same waterworks 
where the rock was not impervious. 

Fig. 154 shows the section adopted for "cut and cover "where 
the rock was impervious. 

Figs. 155 and 156 show forms of conduit used in connection 
with the Aberdeen waterworks. 

Fig. 155 shows the section adopted for tunnels through im- 
pervious rock. 

Fig. 156 shows a conduit raised above the natural level of the 
ground, and enclosed in an embankment. 
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Figs. 157 and 158 show the sections proposed by Mr. Batemaai 
in connection with the great scheme that was projected some 
twenty years ago for supplying London with water from North 
Wales. 

Figs. 159, 160, and 161 show covered conduits proposed for the 
Cumberland lake scheme — one on an equally great scale projected 
at about the same time by Messrs. W. Hemans, M.I.C.E., and R. 
Hassard, M.I.C.R 

Fig. 162 shows the section of proposed covered conduit, raised 
above the natural level of the ground, proposed in connection with 
the same scheme. 

Figs. 163, 164, and 165 show sections of the great culvert 
conduit of the New Croton works, for the supply of water to New 
York — the greatest works of the kind carried out in modern times, 
or perhaps at any time. 

Fig. 166 shows a section of the same conduit where it has to 
be supported above the natural surface of the ground. 

Figs. 167 and 168 show sections used at the Tytam waterworks, 
Hongkong, already referred to. 

Materials used in the Construction of Covered Culverts. — 
Masonry laid in cement mortar is a common material, and 
probably this is the best where stone is plentiful, but bricks in 
cement mortar are often used. 

It will be seen from the figures in Plate XXXVI. that con- 
crete is pretty freely used, and the tendency is, as in so many 
engineering works, to use it more and more freely. Indeed, con- 
duits have, of late years, been made of concrete alone, and this 
construction can be recommended where stones suitable for masonry 
are not readily obtainable. Such conduits may be Uned with 
brick in cement mortar, or may be rendered in cement. 

Aqueduct Bridges. — When the ancients found it necessary 
to carry water across a valley in constructing the great water- 
works, the remains of which form some of the grandest monuments 
of antiquity, they continued the hydraulic gradient, carrying the 
water in an open channel supported on arches of masonry. It 
has repeatedly been stated that the existence of these great 
aqueduct bridges shows that the ancients were ignorant of the 
rudimentary principle in hydraulics that " water tends to rise to 
its own level." It is highly improbable that this is so. The 
ancients did not have the necessarymaterials, or had not sufficient 
knowledge in working them, to construct '* inverted syphons " to 
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deal under high pressures with the very large quantities of water 
that were carried in their aqueducts. 

At the present time, if water has to be carried across a valley, 
whatever be the quantity within the limits used for water supply, 
this is generally done simply in a pipe, laid a few feet under the 
ground, falling down one side of the valley, and rising on the other. 
Such a pipe has been somewhat inexactly termed an '* inverted 
syphon." There is no difficulty whatever in proportioning such 
pipes. The end that the water is flowing to must be lower than 
the other end, by a sufficient height to give the ** head " necessary 
to make the water travel through the pipe ; the pressure at the 
difierent parts of the pipe must, of course, be taken into considera- 
tion, and the pipe must be made thick enough to bear them safely. 
Further than this, there should be a " scouring valve " at the 
lowest part of the pipe. This being opened occasionally, water 
will escape with a velocity due to the whole head, and any silt 
that may have been collected in the pipe will be carried with it. 

Although water is generally, at the present day, so carried across 
valleys, there may be cases where an aqueduct bridge across a small 
valley may be cheaper than a pipe. Thus, in the case of a conduit 
of considerable size, and a narrow valley with declivitous sides, it 
would probably be cheaper to carry the conduit without interruption 
across the valley, on a bridge, than to make the necessary connec- 
tion with a pipe, carry the pipe down one steep declivity and up 
another, and then to make another connection between the iron 
pipe and the conduit. This would be especially the case if solid 
rock had to be excavated to receive the pipe. 

Plate XXXVII. (Figs. 169 to 172) shows such a short bridge 
crossing a small valley on the course of the Loch Katrine water- 
works for Glasgow. 

The Flow of Water in Pipes. — The flow of water in 
pipes differs from the flow of water in conduits, as the word 
" conduit " is generally understood in connection with waterworks, 
inasmuch as, in the case of pipes, the water is generally supposed 
to fill the whole of the pipe, while in the case of conduits it is 
seldom supposed to fill the whole conduit. There is no air surface 
in the case of the pipes : the water may be at some pressure ; and 
it is not, therefore, necessary that the bottom of the pipe should 
be everywhere parallel with a surface of free-flowing water. In 
other words, a pipe does not need to follow the '' hydraulic grade 
line " exactly, or often even nearly. 

N 
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The hydraulic grade line is the locus of a point to which water 
would rise, in vertical pipes with open tops connected with a pipe 
through which water is flowing. This will best be understood by 
taking a diagram. In Fig. 173, if we suppose a to be a vessel 




Fig. 173. — Diagram illustrating hydraulic grade line. 

containing water, and 6 c to be a pipe of uniform bore, freely open 
at both ends, water will of course escape from this pipe at c. If 
there be connected with this pipe h c, any number of vertical pipes, 
d, e,/, gr, &c., the water will rise in them to diflferent heights, and 
a line drawn through the surfaces of the water in the pipes will 
be the hydraulic grade line. In the particular case that we have 
supposed, when there is no obstruction, the hydraulic grade line 
will be a straight line from a very little below the surface of the 
water in a, to the free end of the pipe. For our present purpose 
we may suppose it as actually beginning at the surface of that 
water, and call h c the hydraulic grade line. 

Let there be a partial obstruction at c, however, and the 
hydraulic grade line, whilst still straight, and beginning at A, will 
not terminate at c, but at some point between c and z, i being level 
with the surface of the water. It will, for example, take the 
form h k. 

With pipes of uniform bore, the hydraulic grade line is alwa3rs 
straight, so long as the pipe does not rise above what would other- 
wise be the hydrauUc grade line. Thus the hydraulic grade lines 
for the pipes h I c, and b m c, are the same as for the straight hne 
pipe b c. 

If, however, the pipe were to rise, as shown in dotted Unes 
between b and c, the hydraulic grade line would be A n c, also shown 
in dotted lines ; or, to be more correct, there would be two 
hydraulic grade lines, one from h to w, the other from n to c. 

FormulcB for the discharge of water through pipes. — In causing 
water to flow through pipes, the force of gravity has to overcome 
three different resistances. In first place, it has to overcome the 
mere inertia of the mass of the water ; it has to put it in motion as 
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a falling body is put in motion. This uses up an amount of 
"head "equal to the height that a falling body would have to 
fall, to acquire the velocity of the water in the pipe, and is 
expressed by the ordinary gravity formula — 

v« 

Where— 

H = the head consamed in overoomin^ the inertia of the water ; 
V = the velocity of the water in the pipe ; 
g =« gravity « (say) 32*2 feet. 

To take an example, suppose the velocity of the flow of water 

J a 1 ft 

in a pipe is 4 feet per second. H = - - « -— = a very little 

over -25, or (say) 3 inches. That is to say, if the velocity of the 
flow in a pipe is to be at the rate of 4 feet per second — a common 
one in the case of waterworks — 3 inches of the total head available 
for putting the water in motion in the pipe, will be consumed in 
overcoming the inertia only, and is not available for overcoming 
the two other resistances now to be mentioned. 

The next resistance is that of entry to the pipe. When water 
flows from a reservoir into a pipe, the particles come from all 
directions towards the opening of the pipe, and something 
approaching a vortex motion is set up, with the eflfect that a certain 
resistance is offered to the flow of the water. This can be pre- 
vented altogether, or nearly so, by making the end of the pipe 
trumpet shaped ; but this is not often done in practice, the amount 
of head lost by the resistance of entry to the pipe being very smaU. 
The head necessary to overcome this resistance is generally taken 
as one half that necessary to overcome the inertia of the mass of 
the water. Thus, in the case given above, it would be 1*5 inches, 
making the total head necessary to overcome the two resistances 
that have been considered, 4*5 inches. 

The next resistance that has to be overcome is that of 
friction, and, except in the case of very short pipes, this resistance 
is far greater than both the others put together. In fact, so great 
is it comparatively that, with all other pipes of considerable length 
— say of lengths more than 500 times their diameters — all other 
resistances but that of friction become so insignificant that they 
may be left out of consideration. 

Formulae taking into consideration the head necessary to over- 
come the inertia of the mass of the water, and of the resistance of 
entry, are of necessity very complicated and cumbersome to work 

N 2 
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with. The formulae most commonly in use do not take these 
factors into consideration at all, and can consequently never be 
quite accurate, whilst they generally become very inaccurate indeed, 
for short pipes. Even these fommlse may, however, be made to 
give very fairly accurate results by a very simple device.* 

The form in - which the problem of the flow of water in 
pipes most frequently presents itself is the following : Given a 
certain necessary discharge of water, and a certain available head 
to cause the water to flow through a pipe, what is the necessary 
diameter of the pipe ? As has been said, if the pipe is long, it is 
not necessary to allow for overcoming the resistance of inertia, or 
that of entry to the pipe, as they are comparatively so insignificant, 
but they must be allowed for in the case of short pipes. This is 
done by finding, first, the approximate diameter of the pipe, and 
hence the approximate velocity of the flow of water, the velocity 
being, of course, the di'scharge of water -5- the area of cross section 
of the pipe. It is only necessary now to deduct from the total head 
available for giving motion to the water, that portion of the head 
that is necessary to overcome the inertia of the mass of the water, 
and the resistance of entry to the pipe. We may now make a 
closer approximation, taking as true diameters those that we get 
by the second trial. 

For example, supposing that the total head of water available 
in the case of a comparatively short pipe were 7 feet, and that, by 
a first approximation, we found that the velocity of flow of water 
through the pipe would be at the rate of 8 feet per second : We 
will find, by the method already described, that as nearly as 
possible 1 foot of head is necessary to overcome the inertia of the 
water, to set it in motion that is to say. Again, as the head 
necessary to overcome the resistance to entry is one-half that 
necessary to put the water in motion, the total head consimied 
for overcoming these resistances will be 1 foot 6 inches. 

* See Fanning on " Hydraulic and Water-Supply Engineering," for comparisons 
of the result of diiferent formulsB in common use, when applied to pipes having 
lengths relative to their diameters differing greatly. It will be seen that most of 
the results correspond very fairly, and with experimental results, when long pipes 
are concerned, but that they differ egregiously in the case of short pipes. 

Those who are interested in the question of the theory of the flow of water in 
pipes, should also read the exceedingly thorough investigation of this matter by 
Fanning. The result of these investigations is a set of formulsB in some cases a 
little troublesome to handle, but, the writer believes, giving more accurate results 
than any formulae that preceded them. They are not quoted here, as they 
can be used with advantage only with the aid of a table of co-efficients for different 
diameters which it would not be fair to reproduce. 
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7 feet — 1 foot 6 inches = 5 feet 6 inches. We therefore merely 
take 5 feet 6 inches as our available head instead of 7 feet.* 

This may be put in another form by saying that the hydraulic 
grade line does not begin at the level of the surface of water 
from which the pipe is drawing, but from that level minus the 
head necessary to overcome the resistance of the inertia of the 
water added to that necessary to overcome the resistance of entry. 

The following is one of the most commonly used formulae, 
taking into consideration the frictional resistance of the pipe only. 
It is known as Eytelwein's formula : — 



Where— 



D = 0-538 VL W2 

D = the diameter of the pipe in inches ; 

H = the head of water in feet ; 

L = the length of the pipe in feet ; 

W — the cubic feet of water discharged per minute. 

Tahles and diagrams of discharge. — Tables and diagrams for 
ascertaining the discharge of water in pipes, the diameters and 
falls being known, or for ascertaining the diameters, the discharges 
and falls being known, or, again, for ascertaining the necessary 
falls, the diameters and discharges being known, are now so 
conmion, so reliable, and so convenient, that in practice an engineer 
will seldom have recourse to formulae, except to check the diameter 
of a long and important line of pipe. 

The writer has made constant use for some years of " Hydraulic 
and other Tables for purposes of Sewerage and Water-supply," by 
Thomas Hennell, M.I.C.E., and can thoroughly recommend the 
little book. He has also used, within the last year or so, " Water 
Pipe Discharge Diagrams, showing the relation between the 
Diameters, Gradients, and Discharges of Water Pipes : together 
with Other Diagrams giving the proper Weights and Thicknesses of 
Pipes for various Pressures," drawn and compiled by E. Brough 
Taylor, M.I.C.E., and G. Midgley Taylor, Assoc.M.I.C.E. These 
diagrams are particularly convenient, as they give what tables 
cannot, diameters to any fraction of an inch, discharges to any 
fraction of a cubic foot, &c. There is a certain slight incon- 
venience in the use of them. No steeper gradients are given 
than 5 in 1,000, whereas in waterworks practice we often have 

* The writer, when applying formulse in this way, wishing to be on the safe side, 
takes the total head lost in overcoming inertia and the resistance to entry as 
the head necessary to overcome inertia x 2. 
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to deal with steeper gradients. This inconvenience is, however, 
readily overcome by remembering that the discharge is as the 
square root of the fall. Thus, if we have a fall of more than 
5 in the 1,000 to treat of, we may divide our discharge by 2, and 
our fall by 4, or even, if necessary, our discharge by 3 and our 
fall by 9, when we get the result wanted. 

AUovHtrcce J or Incmstation of Pipes. — After a time the inner 
surfaces of pipes used as mains, sub-mains, or the like, for 
carrying water, nearly always get at least a thin film of dejHjsit on 
the inner surface. This acts in two ways in reducing the discharge 
of water. In the first place, the actual diameter of the pipe is 
reduced ; in the second place, the incrusted surface is always 
rougher than the clean surface of the pipe. Waters differ very 
materially in their tendency to incrust pipes. Some incrust 
them so rapidly that the pipes may become nearly full within a 
few years, others scarcely deposit anything at all on the inner 
surfaces. It seems difficult to predict whether a certain water 
will have a serious effect in this way or not. All that can be 
said is that hard waters incline to produce incrustation more 
readily than soft, as a rule. It is therefore naturally very difficult 
to say how much, in addition to the diameter got by tables or 
diagrams, ought to be added to allow for incrustation. The 
following rough rule has been found to work well with pipes 
above about a foot in diameter : — 

Add one inch to the diameter got by formula, or from tables 
or diagrams, and take the next even inch above this as the actual 
diameter of the pipe.**^ 

Pipes flowing with Open ' Ends. — In taking into consideration 
the question of hydraulic grade line, we considered the case of a 
pipe flowing without obstruction either at one end or the other, or 
along the course of the pipe. It does not often happen, in the 
case of waterworks, that water flows freely from the end of a pipe 
into the air, as shown in our diagrammatical cut, but we have the 
equivalent of this, when we have water flowing from an intake to 
a reservoir, from a reservoir to a filter-bed well, or from a filter- 
bed well to another reservoir. In such cases the hydrauUc grade 
line is drawn from the level of one surface of water to the level of 
the other, making, if it be considered necessary, the deduction 
already mentioned from the head, for overcoming the inertia of the 
water, and the resistance to entry to the pipe. Thus, for example, 
if there is a great distance between the filtering beds and the 

* See note 18, Appendix II, 
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clean water reservoir, so that we do not proportion the diameter 
of the pipe between the two simply to give a certain velocity of 
water, but to deliver the required amount of water with the 
available head, we take the surface of the water in the filtering 
well as the upper level of the upper end of the hydraulic grade 
line, and the level of the water in the clean water reservoir as 
the level of the lower end of the hydrauUc grade line, making the 
deduction above mentioned in the difference of level, if it is likely 
appreciably to modify the result. 

One thing we should bear in mind, however, and that is, to take 
the least favourable conditions that are likely to occur in actual 
working. Thus, in discharging from a reservoir, well, or the 
like, the level of the water in which is subject to variation, we 
should assume the water at the lowest level it is ever likely to be 
at in actual working. On the other hand, in discharging into a 
reservoir, well, or the like, with water at a variable level, we 
should assume the water at the highest level that it is likely to be 
at in actual working. 

Flov) of Water in Pipes Partly Closed at their Lower Ends. — 
This is the condition always met with in distribution systems, and 
in mains leading to distribution systems. Indeed, this partial 
obstruction is an essential part of the working of distribution 
systems, as without it neither would water rise to the different 
levels that it has to rise to to supply the upper floors of houses, 
nor would it issue with any force from fire hydrants. 

It thus comes to pass that, in the case of a main leading to a 
distribution system, the " head " used in calculating the diameter 
of the pipe is not the difference in level between the water in, let 
us say, the clean water reservoir and that of the pipes of the 
actual distribution system, but is the difference between the level 
of the water in the clean water reservoir and the level of the 
pipes under the streets plus the statical head that it is desirable 
to have in these pipes at the time when the consumption is at its 
greatest. 

The first thing thus comes to be, to decide what pressure 
of water we wish to have in the pipes under the streets at 
all times. Several considerations have to be taken into account. 
Thus the water ought certainly to rise to the upper floor of the 
highest dwelling-houses. Further than this, it should, so far 
as possible, be possible to throw water direct from fire hose, 
without the intervention of a pump, over the highest buildings. 
But it is not, of course, possible to provide for this in all cases : 
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the pressure through the whole of a distribution system cannot be 
doubled or tripled or multiplied 10 times, because of the existence 
of a single Eiffel Tower or even of a Strasburg Cathedral. 

Apart from friction, water thrown from a jet would rise to the 
same height as it would rise to in a vertical pipe. In practice it 
will not rise nearly so high as this. In fact, it is not right to rely 
on being able to throw water to more than one half the height 
that it would rise to in a vertical pipe ; and, indeed, in the case of 
very high pressures, it will not rise so much as that. The reason 
why water can be thrown by a jet to a height equivalent to a 
proportionately less fraction of its statical head in the case of 
great than of slight pressures, would seem to be that with the high 
velocities due to great pressures the solid-like jet very soon 
breaks up into spray, and once so broken up the air offers a great 
surface of resistance.*^ It may be argued that the less relative 
efficiency in the matter of throwing to heights, with high than 
with low pressures, is merely due to the fact that the air resistance 
increases as the square of the velocity ; but it must be borne 
in mind that the velocity of the water issuing from the jet varies 
only as the square root of the height to which it would, apart from 
pressure, rise. 

Taking all things into consideration, it is evident that there 
are many advantages in a high pressure. There must, however, 
be a limit. Very commonly it is determined by the level of the 
source of supply, but there comes a point beyond which the 
rapidly-increasing difficulty in preventing wasteful leakage with 
high pressures imposes a hmit. The difficulty is not so much with 
the street mains as with the house fittings. The rapid improve- 
ment of these is making higher pressures possible, but there must 
always be a limit. It is very difficult to state at what pressure 
this is reached, or even to say what head is the most desirable. 
Perhaps it will not, however, be very far wide of the mark to say 
that a pressure equivalent to a head of about 300 feet is about the 
greatest that is advisable with the fittings now in use. In the 
case of many towns that still have in the houses fittings of 

* The writer has often seen water thrown from fths inch nozzels under a pressure 
of 800 lbs. per square inch, equivalent to a head of over 1800 feet. The water broke 
into a spray almost as it left the nozzel, and would not rise more than about 100 feet 
These diminutive fire hose were fitted up in connection with hydraulic systems 
erected by Messrs. Brown, Bros, and Co., of Rosebank Ironworks, Edinburgh. They 
are extremely eflBcient for extinguishing a fire at its beginning. They are attached 
to rubber hose which, strange to say, can be procured so strong that they will resist 
the enormous pressure mentioned. 
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somewhat antiquated pattern, it would be quite impossible to 
increase the pressure to this amount without disastrous leakage 
immediately occurring. 

In the case of towns on very uneven ground, it is inevitable 
that the pressure shall vary greatly in different places, and this 
even if there be a high level and a low level service, or if 
there be more than two services. It may, in such a case, be 
impracticable to avoid a pressure greater than one equivalent to 
300 feet head. In such a case the greatest attention must be paid 
to the pipes and fittings in that part of the town where the 
pressure is the greatest. On the other hand, a town built on 
a level — or, still more, one built on ground gently sloping away 
from the centre of distribution — permits of a maximum pressure 
less than is needed in towns on any other form of ground. It is 
probably never advisable to have a pressure equivalent to a 
head of less than 100 feet in the mains. "^^ 

Fig. 174 will illustrate what is meant about the head that is 
to be used in calculating the diameter necessary for a main leading 
to a distribution system. Let us suppose A to be a clean water 



Fig. 174. — Diagram illustrating calculation of hydraulic grade line. 

reservoir, and the thick line to represent a main leading to a town 
on the site B C. We will suppose that we are given the following 
data : — 

The town is 60 feet above datum ; it is desirable to have a 
pressure equivalent to a head of not less than 250 feet in 
the /nains ; the level of low water in the clean water reservoir is 
350 feet above datum. 

We shall call 60 + 250 h, and 350 h'. Then H = 
h' — h, = 350 — 310, = 40, when H is the head to be used in 
calculating the diameter of the main. That is to say, the main 

* In Japan — ^the houses being very low, seldom over two stories in height — the 
maximum desirable pressure is equivalent to about 200 feet per head, and there 
are some towns in which a head of even 100 feet is unnecessary. 



i86 THE WATER SUPPLY OF TOWNS. 

must be made of such diameter that, with a head of 40 feet 
available for putting the water in motion, it shall be capable of 
carrying a quantity of water equal to the absolute maximum 
consumption at any part of the twenty-four hours. 

In the sketch, a b represents the hydraulic grade line. 



CHAPTER XVIII. 

Distribution Systems. 

The working out of a distribution system is one of the most 
troublesome problems in connection with waterworks, as well as 
one on which most text-books are nearly silent, and that in 
general is barely referred to in papers describing the carrying-out 
of waterworks. It would seem that most engineers consider it a 
part of the works of quite minor importance. The writer would 
insist that it is of importance minor to no other part of the works, 
and that, in connection with that important function of modern 
waterworks — the extinction of fire — it is of the very first 
importance. Indeed it is only of late years that it seems to have 
been understood that the extinction of fires is one of the principal 
purposes of waterworks, and even now this fact seems to be fully 
appreciated only in America. 

Constant and Intermittent Service. — Before discussing 
distribution systems, we must say a word or two about constant 
and intermittent service, but it will be only a word, as intermittent 
service may be looked on now as altogether a thing of the past. 

Not many years ago a constant service was a thing scarcely 
known. All waterworks admitted water to the service-pipes of the 
houses during an interval of an hour or longer once a day. 
During this time, cisterns in the houses of sufiicient capacity to 
hold a supply for at least twenty-four hours were filled up. During 
the rest of the day, the water was shut off from the houses and 
from the mains in the street. The owners or occupiers of houses 
found it imperative to prevent any very gross leakage in the house- 
service system, for the simple reason that, if it continued to exist, 
the water in the cisterns would not last for the twenty-four hours. 

The disadvantages of the intermittent system are very great. 
The very fact of storing water for a minimum of twenty-four hours 
in uncovered or imperfectly-covered cisterns is enough to condemn 
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the system, as the water is certain to deteriorate. But there is 
worse than this. The cisterns are generally in inaccessible places, 
often between the ceiling of the upper rooms and the roof, and 
the actual householder seldom sees them. '* Out of sight " is 
generally literally " out of mind " in such a case, and the cisterns 
are left uncleaned from year s end to year's end, so that water 
used for drinking purposes is drawn from storage tanks the sight 
of which would make the users of the cisterns sick.**^ 

Further than this, there was the great inconvenience that, in 
case of fire, there was no pressure on the mains until the " turn- 
key " could be found to turn on the water. 

When the advantages of a constant service were first pointed 
out, it was objected that such a service was impracticable, because 
the inevitable waste would be so enormous, and, indeed, when a 
constant-service was first attempted, the waste was found to be so 
great that it had to be abandoned. Since then, however, by 
improvements in house-fittings, by systems of regular inspection, 
and, in certain cases, by the general introduction of selling water 
by meter, waste has been so far reduced that the constant service 
system is now all but universal, and soon will certainly be the only 
system used, or, it is to be hoped, permitted. 

In the constant service system water is admitted to the house- 
service pipes during the whole twenty-four hours. The water 
ought, in all cases except for the use of water-closets, to be drawn 
from the service-pipes, under the town pressure, direct ; but from 
what can only be called a sort of inveterate conservatism, it is 
quite common, in England at any rate, to find that, even where 
the constant service has been introduced, the evil cistern-system 
is still retained. 

For the reasons here given, in treating of distribution systems, 
we assume a constant service. 

Distribution Systems and Extinction of Fire. — Until 

* If the writer could describe what he has seen, whilst making inspec- 
tions of houses in London for the London Sanitary Inspection Association, he is 
pretty sure that no cistern would be allowed any more in any house in a civilised 
country. Dead rats are a trifle. He remembers once inspecting a house in which 
the cistern supplying drinking water was found to be situated under the floor of 
an attic used as a bedroom. There were quite unmistakable evidences that a cer- 
tain unmentionable utensil had been upset on the very morning of the day of 
inspection, and that some of the contents had dropped into the cistern ! This was 
in the house of a famous London physician I It was not at all uncommon to find 
cisterns in such positions that, on the washing of a floor, part of the washing water 
must inevitably enter them. 
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recently, distribution systems were commonly designed to be 
capable simply of supplying so much water per head of population ; 
and — except inasmuch as a certain minimum size of pipe, much 
more than large enough to supply the water used in all the houses 
of any single street, was generally decided on — little consideration 
was given to the water desirable for the extinction of fire. Now 
it should be understood that, throughout the whole design of 
waterworks, the water desirable for fire extinction ought never to 
be left out of consideration, and that in the case of all mains it 
ought to be one of the determining factors of the diameter, whilst 
the diameter of all mains under a certain size ought to be deter- 
mined solely with regard to their capacity to supply water for fire 
extinction. 

It is not at all easy to decide what quantity of water it is 
necessary to provide for the extinction of fires. It is evident that 
it is in no way proportionate to the size of the town. Up to 
a certain point the water necessary for extinguishing a fire in a 
small village is as great as that needed in a great city. On the 
other hand, it is not possible to assign a definite quantity of water 
per minute as that necessary for fire extinction whatever be the 
size of the town supplied, because, in the first place, a fire may 
spread to much greater limits in a large city than in a small town 
or village ; and, in the second, there is much greater probability of 
more than one fire at a time occurring in a large city than in a 
small town or village. 

One thing that can be quite definitely stated is that the 
quantity of water that must be provided for fire extinction must 
be relatively larger in small towns than in large ones. 

Fanning, in one part of his book, has the following : — "There 
is the possibiUty of two or three fires being in progress at the 
same time in even the smaller cities, requiring at least twelve 
hydrant streams, or, say, 300 cubic feet per minute of water for 
each fire.'' At another place he says : — *' For fire supply we 
anticipate the possibility of two fires happening at the same time 
requiring ten hose-streams each. The minimum fire supply is, 
then, twenty hose-streams of, say, 20 cubic feet per minute, or a 
total of 400 cubic feet per minute." In another place he mentions 
that the average consumption for fire purposes in American cities 
is at the rate of one-tenth gallon per head per day. This is, how- 
ever, a very different thing from the necessary provision, for this 
one-tenth gallon per day will be all consumed during a few hours 
of each year. 
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It has been pointed out by Mr. Freeman — an American 
engineer who has given special attention to this subject, in the 
only country where the subject receives nearly the attention it 
deserves — that distribution systems should be designed with the 
object, so far as possible, of being able to concentrate the wTwle 
power of the waterworks on a fire occurring at any particular 
place ; and he mentions a case where, on the occurrence of a large 
fire in an American city, as much water from hydrants alone was 
poured over the area of conflagration in a few hours as would have 
drowned it all by a depth of over 12 feet ! 

It is not generally possible, or at least practicable, to so 
arrange distribution systems that the whole power of the works 
can be concentrated on any one fire ; but the system always can be 
and should be so arranged that, if a fire occurs at any one place, jets 
from several hydrants can be brought to bear on it, and that, if it 
spreads in spite of this, further jets can be brought to bear on it 
proportionate to its area. 

It is necessary, too, that all this be effected without inter- 
fering with the general supply of water to the town ; although we 
may bear in mind that, naturally, at the place where a fire is 
actually occurring, water is not being used for either " domestic " 
or manufacturing purposes. The water that would otherwise be 
thus constantly used is therefore available for fire extinction. 
The same applies partly to water that would naturally be used for 
domestic and other purposes in houses surrounding the site of a 
conflagration. For these reasons it is not necessary to specially 
supply quite all the water that would be necessary for fire 
extinction were the normal consumption going on. The question 
thus becomes greatly one of judgment. 

The writer has no objection to the laying down of such large 
minimum quantities as have been mentioned above, but does not 
see much use in laying them down as minima not to be deviated 
from, as he feels sure that they will not be adhered to, at any rate, 
in the case of European cities. They represent a quantity of 
water that would supply the whole of the ordinary needs of a 
very fairly large town. As a compromise, he suggests, as a 
minimum, 200 cubic feet per minute. This is the quantity of 
water that will be carried by pipes of from 12 to 15 inches in 
diameter, with the hydraulic gradients common in the case of 
waterworks. 

But let there be no mistake here. What is meant is, that all 
the principal mains of the distribution system of the waterworks 
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of any fairly large city should be so proportioned, that they shall 
be capable of canying water at the rate of 200 cubic feet per 
minute in addition to the absolute maximum consumption. More- 
over, it is to be understood that this is suggested as a minimum. 
The more water, in addition to this, that is provided for fire extinc- 
tion, the better. By all means, if the town can afford it, let there 
be provision for fire-extinguishing water at the rate of 400 cubic 
feet per minute, or even 600 feet. The latter quantity represents 
the whole of the water that would be carried by pipes of from 
about 20 to about 24 inches in diameter, with the hydraulic 
gradients usual in waterworks. 

" Dead-end " and " Interlacing " (or " Gridiron ") 
Systems of Distribution. — Systems of distribution may be 
subdivided in this way. The former is the system that naturally 






Fig. 175. — Diagram illustrating system of distribution. 



first suggests itself, and it has certain advantages. It may be 
diagrammatically represented as a sort of tree-like arrangement of 
pipes, such as is shown in Fig. 175. 

This arrangement has the advantage that the necessary dia- 
meters of the pipes can be calculated with comparative ease, and 
further, that any part of the system can be isolated by closing a 
single sluice-valve, as at x , for example. On the other hand, there 
are the disadvantages that the water is liable to remain stagnant 
for an indefinite length of time in the '' dead-ends " of the pipes, 
with the result that it deteriorates in quahty. This can be partly 
overcome by occasionally flushing out the pipes by hydrants at 
the dead-ends, but this involves waste of water, and the pre- 
caution is, moreover, Uable to be neglected. Further, unless 
there is a great multiplication of sluice valves, it is necessary to 
shut off a district of considerable area entirely, in case of repairs 
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being necessary to any pipe. This is inconvenient, and might be 
disastrous were a fire to occur. 

Supposing, however, junctions made between the portions a and 
B of the system, by junction pipes, a h and c, shown in dotted 
lines, it will be evident that, to a considerable extent, stagnation 
would be reduced ; for were water drawn from any of the pipes 
between a and b, a motion of water would be set up in all the 
pipes common to the two portions a and b. On the other hand, it 
will be evident that the closing of the single sluice valve x will 
not permit of close water from any pipe of either of the parts a 
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Fig. 176.— Diagram illustrating system of distribution. 



and B of the system, and that it would be necessary to close at 
least two sluice valves. 

This junctioning of the ends of mains into each other, is the 
beginning of the system which we have above entitled the *' inter- 
lacing " or ** gridiron " system. When this system is carried out in 
its integrity, the pipes cross each other, forming a complete net- 
work, and are junctioned into each other at every crossing. Such 
a system is illustrated diagrammatically in Fig. 176. 

It will at once be seen that there is not likely to be much 
stagnation in the pipes, for the drawing of water at different places 
is certain to keep the whole mass of water in motion. The great 
advantage of this system is, however, the possibility of concen- 
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trating the discharge of water at any particular part of the system, 
should this become desirable, as in the case of fire. Supposing, 
for example, that a fire occurs at a, it is evident that the water 
will flow to hydrants opened around a, not only from the trunk 
main pipe, as would be the case with the " dead-end " system, but 
will, in fact, flow from all directions. It is true that it is not 
possible to calculate the necessary diameters of the pipes with any 
exactness, but we may at least be sure that they have diameter 
enough. Thus, for example, we may proportion a pipe c d, so 
that, drawing water from the trunk main A B, it would be large 
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Fig. 177. — Diagram iUustrating system of distribution. 



enough to provide all the water needed for the part of the town 
shown as inclosed by dotted lines. All parallel pipes being pro- 
portioned in the same way, the pipes at right angles, such as e j\ 
may be looked on merely as auxiliary pipes, serving to concentrate 
the water at any particular part of the system, should that become 
desirable ; and further, even in normal cases, serving to compensate 
for any error in the proper adjustment of the diameters of the 
pipes, or for any unlooked for excess in consumption in any part 
of the town. 

Again, there is another way of working out this interlacing 
system, which we attempt to illustrate diagrammatically in Fig. 177. 
Here the system — not generally the whole of a town system but 
that of a portion, say of a district of it — is surrounded with a pipe 
capable of supplying the whole from both ends. That is to say, the 
" loop " pipe is of such a diameter throughout that it is capable of 
carrying one-half of all the water needed in the district, including 
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allowance for fire-extinction. Any pipe, such as a 6, is then made 
of such a diameter that, supplied from both ends, it is capable of 
supplying all the wants of the parts of the district enclosed in 
dotted lines. All parallel pipes are proportioned in the same way, 
and the pipes at right angles are made of the diameter necessary 
to supply one street only — that is to say, they will generally be the 
minimum diameter of pipe that is admitted in the system."^ 

It is, however, very difficult to say exactly how it is best to 
arrange the pipes. They would be arranged just as shown, only 
in the case of a typically American city, with " avenues " and streets 
at right angles to each other. In the case of towns of more or 
less irregularity in the matter of streets, the thing becomes very 
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Fig. 178.— Diagram illustrating multipiication of sluice valves. 



greatly one of judgment, and one in which practice leads to com- 
parative facility. In the case of very irregularly arranged streets, 
it is seldom advisable to adopt the interlacing system in its com- 
pletest form : it is generally advisable to make a sort of compro- 
mise between that and the dead-end system, merely taking care to 
have as few dead-ends as possible. 

The real difficulty that is found in working out an interlacing 
system in its integrity, lies in the enormous multiplication of sluice 
valves necessary to be able to close off any one part of the system, in 

* See note 19, Appendix II. 
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case of repairs. It is never possible to shut off a single pipe without 
closing at least two sluices. This is liable to cause great confusion 
in case of a burst pipe. On the other hand, there is the fact that 
a small part of the system can be closed off without interfering 
with any of the rest of it. 

The inevitable multipUcation of sluice valves will be under- 
stood by reference to Fig. 178. In the upper part of this figure to 
the right is shown the only arrangement whereby it is possible 
to close off any one pipe by closing only two sluice valves. 
Sluice valves are represented by short lines intersecting the pipe 
mains. It will be seen that there are four such valves at every 
crossing of the pipes. 

In the lower part of the figure is shown an arrangement where- 
by the number of sluice valves may be reduced to one half, but it 
will be seen that it is necessary to close no less than four valves, 
to isolate any one pipe from the general system. Further than 
this, a comparatively larger area has to be deprived of water in 
isolating any one pipe. 

At the left-hand side is seen an arrangement that may be 
adopted at the edges of a distribution system, whereby three sluice 
valves have to be closed, to shut off any pipe. 

A further difficulty in connection with the interlacing system 
is, that it makes it difficult to apply "district meters." This 
will be discussed in the chapter on Water- waste Prevention. 

Diameters of the Larger Mains of Distribution 
Systems. — In working out the diameters of the large mains of 
a town, it is always necessary, first of all, to divide the area into a 
certain number of districts — the more the better — and to discover 
the approximate population of each. Perhaps a better idea 
of the way of setting to work will be got by imagining a 
definite case, with certain conditions ; and describing this, setting 
about to work out the problem. Let us take the following for 
example : — 

The town, or part of the town that is to be supplied, is long 
and narrow — the simplest case to deal with — and it is decided to 
supply it by a trunk main running down the chief street, which is 
in the midde of it. The population is 100,000. Provision is to be 
made for an increase of population of 50 per cent. Mean daily 
supply of water is to be taken at 3 cubic feet per head per day ; 
water is to be provided, for the extinction of fire, at the rate of 
200 cubic feet per minute. 

2 
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The town is on flat ground, and it has been decided that the 
pressure in the mains is at no time to fall below one equivalent to 
a head of 150 feet. Of course this minimum will be reached at the 
part of the town farthest from the source of supply. 

Water is supplied from a clean-water reservoir, at some distance 
from one end of the town ; low- water level in this reservoir is 
200 feet above the level of the town. There is, therefore, 50 feet 
of head available for giving the water in the pipes motion ; the 
distance from the clean-water reservoir to the remote end of the 
town is 12,000 feet. 

The hydraulic gradient is, therefore, strictly - -— To be on the 

safe side, and to make ample allowance for overcoming the inertia 

of the water and the resistance to entry, we shall take it at ' 

or four in a thousand. 

We imagine Fig. 179 to represent the outline of the town, divided 
into 10 districts, having the prospective populations of 8,000, 10,000, 
15,000, 20,000, 18,000, 17,000, 19,000, 14,000, 12,000, 9,000 and 
8,000, as duly marked on the figure. It is to be noted that these 
augmented populations may be proportionate to the present popu • 
lations, or may not be, according as the town shows a tendency to 




Fig. 179.— Diagram illustrating arrangement of distributing mains. 



grow uniformly, or to grow in particular directions. Much judg- 
ment and local knowledge is necessary to determine whether a 
town is Ukely to grow uniformly, or more in certain directions than 
in others, and there is always something of mere speculation in the 
matter. 

The augmented population — not the present one — is taken, for 
reasons given in an early chapter of this book, wherein it was 
explained that it is true economy to make certain parts of the 
system sufficient for a considerably increased population, from 
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the beginning, instead of allowing for their subsequent enlarge- 
ment. 

Our problem now is to decide on the diameter of the pipe 
from a to c, from c to dy from d to e, from e to ^ from / to </, 
from g to h, from h to i, from i to j, from ^ to h, from A: to Z, and 
from lio m. 

Theoretically the pipe might begin to taper from h, but in 
practice the full diameter of the main is carried on to the 
end of the first of the districts into which we have divided the 
town. 

In this case we have to deal with absolute maximum con 
sumption. This, as has been seen, must be taken as at least equal 
to twice mean consumption. It will, therefore, be at the rate of 
6 cubic feet in 24 hours in this case. 

It is thus evident that the rate for domestic supply is repre- 
sented by the following equation : — 

150^ X 6 
^ "" ■ 24 X 60 
Where 

D e discharge in cabic feet per minute. 

This is found to be 625 cubic feet, and it is evident that 
the total that has to be provided for, including water for fire 
extinction, is 625 + 200, or 825. 

We could apply a formula to find out the necessary diameter 
of the pipe, but prefer to refer to diagrams of Taylor's Water-pipe 
Discharge Tables, from which we gather in a moment that the 
pipe would need to have a diameter of, as near as may be, 
23f inches. On account of what has already been said about 
allowance for incrustation, we shall, in practice, give the pipe a 
diameter of 25 inches. 

We next come to investigate the portion of pipe c d. Here 

our formula becomes : — D = — "^ — ^— , and the total quantity to 

be provided for = 792 cubic feet per minute. We will find that 
the pipe to supply this would need to have a diameter of 
23 3 inches, but again we should make it 25 inclies in diameter in 
practice. 

Next comes the portion of pipe d e. Here we will find that 
the total quantity that has to be provided for is 750 cubic feet per 
minute, and that the pipe must be 22|^ inches in diameter, or 
allowing for incrustation, 24 inches in diameter. 
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Taking our pipe in this way by sections, we may tabulate the 
results as follows :— 

From aio c, the pipe must have a capacity of 825 cubic ft. per minute. 



c „ d, 

d „ e, 

h „ f, 

J I, ^, 

I „ m 

m„ n 



792 
750 
G87 
604 
529 
458 
849 
821 
271 
283 



Further, we shall find, referring to the diagrams mentioned, 
that — 

From — 
a to 6 the pipe must have a diametei of 2S^ ins. or, allowing for incrustation, 25 ins. 



c ,, d 

f ^^9 

!f >^ ^ 

i » J 

J » ^ 
*„ / 

/ „ m 



23-8 
225 



20i 
19i 
17| 
IGf 
15| 
15 



25 
24 
24 
28 
22 
21 
19 
18 
17 
16 



The last column gives the diameters of pipes that would be 
used were it considered desirable to use pipes of diameters rising 
an inch at a time. It is more common, in the case of waterworks, 
to have pipes of different sizes varying, at least in the case of pipes 
over 12 inches in diameter, 3 inches at a time. Thus it is 
common to jump from 12 inches to 15 inches, from 15 inches to 
18 inches, from 18 inches to 21 inches, from 21 inches to 24 inches, 
and so on ; and, indeed, it is the practice in many cases, with pipes 
above 3 feet in diameter, to jump as much as 6 inches in diameter. 

The question is merely one of expense. If the different sizes 
of pipe wanted do not aggregate any very great length, it may be 
cheaper to restrict the sizes to a few different diameters than to 
have small quantities of pipes of each of a number of different 
diameters, and this spite of the fact that, with the small number 
of different diameters, the aggregate weight of the pipes will be 
greater than with a number of different diameters. Naturally pipe- 
makers will quote a cheaper price per ton for a quantity of pipe all 
of one diameter than for smaller quantities of pipes of several 
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different diameters, aggregating the same length. Then there is 
the further necessity, when there are many different diameters, of 
a multiplication of bends and other special pipes, and of keeping 
a comparatively large number of straight pipes in reserve in case 
of breakage. On the other hand, the engineer should bear in 
mind that he has not to consider only the cost of the pipes, either 
at the foundry or delivered, but the cost of the pipes laid, and 
with unnecessarily large diameters the price of handhng and laying 
is increased, as well as the cost price. 

The writer is of opinion that, in the case of large works at 
least, pipes of intermediate sizes might be more freely used than 
they are, and he is confirmed in his opinion by a paragraph 
in the introduction to Messrs. Taylor's book of "Water-pipe 
Discharge Diagrams" (see antej p. 181). The paragraph reads as 
follows : — 

" With cast-iron pipes above 10 inches diameter, it is much too 
frequently the practice to adopt only those sizes whose diameters 
rise 3, 4, or 5 inches respectively, other diameters being much 
more rarely met with. To exemplify what is here referred to, 
suppose that in a certain case it was found that a main 34 inches 
in diameter would carry the volume required, it is probable that a 
main of 36 inches would be adopted, notwithstanding the fact that 
the latter would require over 100 tons of metal per mile more 
than the former." 

Centres of Distribution. — In the particular case we have 
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Fig. 180.— Diagrom illustrating arrangement of distributing mains. 

taken we have supposed that the water enters the town from 
outside at one end. Another common arrangement of the mains 
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of distribution systems is shown in Fig. 180. By this arrange- 
ment, other things being equal, the size of mains within the 
town is very considerably reduced.^ 

In the case where there is a natural elevation in the middle of 
a town, suitable for the site of a clean water reservoir, an excellent 
distribution system is aflTorded. In the case of small towns it may 
even be worth the expense to erect an artificial elevated tank in 
such a position, to give an even distribution throughout the town. 
Edinburgh is a good example of a town with a central reservoir on 
a natural elevation. The reservoir is on the Castle Hill, which, 
as every one who has seen the "modem Athens" knows, is nearly 
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Figs. 181, 182. — Diagrams illustrating systems of centres of distribulion. 

in the middle of the town, or rather was before the town began to 
creep so far westwards as it recently has. 

In the case of very large towns it is a great advantage to have 
several centres of distribution. The advantage is diagrammatically 
illustrated in Figs. 181 and 182 

The hypothetical case of a perfectly square city is taken, and 
we imagine pipes in the first place radiating from one centre. It 
will be seen that the pipes have to taper from the extreme limits 
of the town to this one centre, and that they are of necessity of a 
very large size near the centre. 

In the second case, we suppose the town divided into four 
districts, each with a centre of distribution. It will be seen that 



* This is the arrangement proposed for the Kobe and the Shimonoseki water- 
works, Japan. 
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the pipes are uiuch shorter, and a very Httle consideration will 
show that they are of much smaller size where they approach the 
centre of the four centres of distribution than are those pipes 
approaching the one single centre of distribution. 

The fact is that the advantage is almost precisely the same 
as that gained by the use of " intercepting sewers " in the case of 
some sewerage systems, the advantage being commonly repre- 
sented by a diagram something of the nature of Fig. 183. Here 
the whole large triangle represents the total weight of pipe that 
would be needed with one centre of distribution ; the shaded part 
represents what would be needed 
with four. Of course, we do not 
mean to state that the unshaded 
portion is an actual measure of the 
saving that is eflfected in the weight 
of pipe. We merely mean to say 
that it diagrammatically represents 
the sort of saving to be expected. 

It may be urged that with the 
four distribution centres, although 
there is a saving in the diameters 
of the actual distribution pipes, this 
is iust compensated for by the fact 

,, , ^, I _,, >. . . Fig. 183. — Diagram illustrating system 

tnat a greater lengtn 01 pipe is of centre:* of distribution, 

necessary to the four centres from 

the actual source of supply than in the case of the one centre. 
It will be found, however, that in nearly all cases there is an 
actual saving. It has to be borne in mind in this connection that 
the pipes to the centre or centres have to carry maximum daily 
consumption only, while those from the centres have to carry 
absolute maximum consumption. 

It will be readily understood that, in cases where pumping 
machinery is used to pump either directly into the mains, into 
stand-pipes, or into elevated tanks not holding a sufficiency of 
water to compensate for the variation in consumption during the 
twenty-four hours, the pumping station or stations must be 
looked on as centres of distribution; and that, if it is permissible to 
have the station or stations within the town, it is best, other 
things being equal, to have one pumping station in the centre of 
a town of moderate size ; several stations — two or more, according 
to the shape of the plan of the town and the size — in the case of 
large towns. 
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Diameters of the Smaller Mains.— The first thing to be 
done in connection with the smaller mains is to decide on the 
minimum diameter of pipe to be used in the distribution system. 
In many cases a minimum of 3 inches has been allowed, but it is 
now generally agreed that this diameter is too small. It is 
certainly much too small in the case of pipes for waters that incUne 
to produce incrustation quickly. A common minimum in English 
practice has been 4 inches. This the writer considers to be 
certainly the very smallest pipe that should be admitted in any 
distribution system ; indeed, he considers that it would be a good 
thing* if 5 inches were adopted as a minimum size for mains 
in European waterworks' distribution systems. In America it is 
not uncommon to have 6 inches as a minimum diameter for 
the pipes of distribution systems, and 8 inches has been suggested 
as a minimum by Fanning. 

Whatever may be decided on as a minimum, the diameters 
of all the smaller mains should be determined entirely in con- 
sideration of their capacity to supply full streams of water at all 
tlie- hydrants likely to he called upon for use at the same time. 

To state this is simple enough, but two diflficulties are met with 
at once. In the first place. At what particular diameters do the 
smaller mains begin ? Secondly, How is it possible to tell what 
number of hydrants are Ukely to be called into use at one time ? 

So far as the first question is concerned, we have some data 
for answering it — namely, the allowance of water for fire extinction. 
We took that at 200 cubic feet per second as a minimum. We 
may, then, say that smaller mains are those that supply less 
than 200 cubic feet per second with the hydraulic gradient allowed 
in working. But in this connection it must be borne in mind 
that if the interlacing system be adopted most or all of the smaller 
mains will be supplied from both ends. Mains open at both ends 
will, then, come under the heading of smaller mains only when 
they are capable of supplying less than 100 cubic feet from each 
end. Thus, in the case illustrated in Fig. 179, with the data 
we assumed, it will be found that all mains supplied from one 
end only, under 16 inchest in diameter, will rank as smaller 

* It is useful to remember, in this connection, that a 4-inch pipe can-ies con- 
siderably more than twice as much water, with the same head, as a 3-inch pipe, and 
a 5-inch pipe more than four times as much ; a 6-inch pipe carries not very much 
less than six times as much. 

t A diameter of sixteen inches gives barely one inch allowance for incrustation ; 
but it is only in the case of pipes of considerable diameter that it is considered 
essential to allow a full inch for incrustation. 
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mapins ; those supplied from two ends, under 12 inches diameter, 
will be so classed. 

As to how to come to any conclusion as to what number of 
hydrants are likely to be called into use at one time, it is not 
possible to say much more than that this is a matter of 
judgment, and that, as in nearly all engineering cases where 
judgment has to be relied on, it is right to make sure that any 
error there may be is on the safe side. 

The first thing is to locate all the fire hydrants. Of this more 
is said in the next chapter. The next thing is simply to judge, to 
the best of one's ability, as the plotting down of the distribution 
pipes goes on, what number of these hydrants are likely ever to be 
called on at one time, on the occurrence of fires in any part of the 
district, and to proportion the pipes to be able to supply all these 
hydrants. 

The following table is a modification of one given by Fanning. 
It is intended for European use,^ and may be handy in determin- 
ing the diameters to be given to the smaller mains : — 



No. of fire-hose. 



1 
2 
3 
4 
5 
G 
7 
8 
9 
10 
12 



Diameter of mains if 


Diameter of mains if 


supplied at one 


end. 


supplied at both ends. 


4" 




4" 


6" 




4" 


6" 




6" 


8 




6 


9 




7 


9 




7 


10 




7 


10 




8 


11 




8 


12 




9 


14 




10 



A Japanese Distribution System. — In conclusion to this 
somewhat long chapter, we give a short description of the distri- 
bution system of the waterworks of Tokyo, the capital of Japan, 
in progress at the time of writing. Present population 1,200,000. 

Plate XXXVIII. (Fig. 184) shows the great mains of the 

* In Japan the houses are small (seldom more than two stories high), and of 
light construction ; and although fires happen very often, it is considered likely that 
a number of nozzles of moderate diameters will probably be more useful in the case 
of fire extinction than several of the very large diameters sometimes used in Europe, 
and more commonly in America. The diameters of the smaller mains need, there- 
fore, not be more than about three-quarters of those given in the tables for given 
number of hydrants. 
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whole system. The town is roughly divided into a plain and a 
plateau, shown separated by a dotted line, and there are the three 
distribution centres, marked on the plan a b and c. 

The height of the water above sea level in the high-level 
reservoir at Yodobashi, marked a, is 124 feet. This height is 
not sufficient to supply the plateau by gravitation, but is high 
enough to supply the service reservoirs at Hongo and Shiba, 
marked respectively c and b. At a the water is pumped up to a 
head of 116 feet, to supply the plateau. 

The level of high water in the reservoirs at Shiba and Hongo — 
that is to say, b and c, is 90 feet. There are pumping stations at 
each of these places, and the pumps will pump against a head 
corresponding to 75 feet. 

The distribution system for the plateau is more or less radial 
That for the plain consists mainly in two large loop pipes, joining 
the two reservoirs at b and c. Tliese loops are marked sac, and 
B b c c, respectively. 

The pipes from a to b and c, and the main pipe of the distribu- 
tion system for the plateau, are each 42 inches diameter. Each of 
the great loops, also, begins with a diameter of 42 inches, but is 
reduced down to 20 inches at the middle. 

Plate XXXIX. (Fig. 185) shows a part of the distribution 
system. A part is selected that is somewhat thinly populated, 
but in which the streets are very irregularly arranged, so that 
a system of thorough reticulation is remarkably difficult to work 
out. 

The attempt has been made to so arrange the pipes and sluice 
valves that it may never be necessary to shut more than four 
valves to isolate any part of the system, whilst, as a rule, any pipe 
can be isolated by closing three, or only two, sluice valves. It is 
certainly not possible to tell exactly, on this map, from the thick- 
nesses of the lines only, the diameters of the mains, but a fair idea 
can be got ; and as, in any case, the diameters would not apply to 
European or American practice, it is not necessary that they 
should be exactly known. 
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CHAPTER XIX. 

Special Provisions for the Extinction of Fire. 

A GOOD deal has been said in the last chapter about providing 
mains amply large enough to supply all hydrants that are likely 
to be wanted in action at the same time, but it is necessary to say 
something more about the special precautions that should be taken 
to provide for fire extinction. 

Extra Storage for Fire Extinction.— Mention has already 
been made of the necessity for making a provision, in the way of 
special storage, for fire extinction. At first sight, it might seem 
that the problem is nearly the same as that of providing a certain 
rate of discharge in mains for fire extinction, but it is really 
different. 

It is true that, up to a certain point, a fire is likely to need as 
much water for extinction in the case of a small as of a large town, 
but there is a point beyond which a conflagration in a large town 
is likely to need more water than in a small. In the case of most 
large towns, it will generally be found that this is provided for, in 
the method of working out such distribution systems as we have 
described, for as a fire spreads in a large town there will soon, as a 
rule, be water available from more than one main, or even from 
more than one centre of distribution. 

Further than this it is to be observed that a fire is likely to 
last for a longer time in a large than in a small town. It thus 
appears that, whereas so far as the provision in the matter of 
carrying power of mains is concerned, the amount may, for 
individual mains, be nearly constant for all towns above a certain 
very moderate size, the quantity of water stored as a precaution 
against fires must increase with the size of the town. On the 
other hand, it must be evident that this storage capacity, specially 
provided, does not need to increase proportionately with the size 
of the town as measured by population. 
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It is diflScult, probably impossible, to state just what stoi-age 
capacity should be specially provided for fire extinction, in the 
case of a town of any particular size. It is therefore with much 
diffidence that the author suggests the following formula as fairly 
representing the minimum storage capacity that should be pro- 
vided for fire extinction alone. He has arrived at it by observa- 
tions and reasoning that it would take too long to discuss here, 
and that would probably be of no particular interest to the reader, 
the more especially as, at best, there has nowhere been more than 
approximation : — 

Q - 200 V F ~ 
when 

Q r= the minimum quantity of water, in cubic feet, to be stored for the special 

purpose of fire extinction. 
P = the population. 

As has already been stated, this storage capacity may either 
be provided in the clean water reservoir, or in the settling reser- 
voir or the impounding reservoir. In either of the two last- 
mentioned cases, a by-pass is provided, to be opened in the case of 
fire, so that the water shall not have to pass through the filter- 
beds. 

It is evident that there are certain advantages in having the 
necessary reserve in the clean water reservoir. If the reserve is 
there, it is ready for instant use, without the opening of any 
by-pass valves, and, moreover, the objectionable practice of 
allowing unfiltered water to enter the mains is avoided. On the 
other hand, there is the objection that keeping the reserve 
mentioned involves storing a comparatively large quantity of 
water in the clean water reservoir, and we have seen that this is 
not advisable, as the water, kept stagnant for a considerable time 
after filtration, is liable to deteriorate. Measured in days' con- 
sumption, the necessary storage is much greater in the case of 
small towns than in that of large. Thus, in the case of a town 
of 10,000 inhabitants, it would be necessary to have a storage 
capacity equivalent to sixteen hours' mean supply to provide for 
fire extinction only. In the case of a city with a population of 
1,000,000, on the other hand, it would be necessary to keep 
a reserve corresponding to less than two hours' mean 
consumption. 

Reserve of Pumping Power for Fire Extinction. — It is 
evident that, where pumping engines pump into clean water 
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reservoirs, if these reservoirs be made large enough to hold the 
water that it is desirable to have in reserve in case of fires, as well 
as that necessary to compensate for variation in consumption 
during the twenty-four hours, there need be no special provision 
in the pumping machinery. True, the reservoir may be empty at 
the end of a fire, and will have to be filled up again, but this need 
only be done slowly, and pumping machinery will always work a 
little above its normal capacity, although generally at a sacrifice 
of efficiency. Moreover, the stand-by power may be brought 
into requisition in an emergency, although it is inadvisable so to 
use it. 

In all cases where the neci:,ssary reserve for fire is not provided 
for in the elevated reservoir or tank, the engines ought evidently 
to be able to do additional pumping work corresponding to the 
quantity of water that may be needed for fire extinction. A 
minimum provision of 200 cubic feet per minute has been sug- 
gested, and there is no doubt that, in the case of all considerable 
towns, there ought to be engine power capable of pumping this 
quantity of water in addition to what is needed for maximum 
rate of consumption on ordinary occasions. This means an addi- 
tional pumping power of nearly forty actual horse-power — that is to 
say, horse-power measured by the water actually pumped — per 
100 feet of head against which the pumping is done ; and, strictly 
speaking, this ought to be provided in addition to the ''stand-by." 
It is not very often, so far as the writer knows, that such a 
provision is made in practice. It is common to rely on the 
" stand-by " for the emergency of a fire, although, as has been 
said, the principle is not a good one, because one of the very 
reasons for having a certain quantity of stand-by power is that 
one of the pumping engines may break down at any time, at the 
time of a fire, of course, as well as at any other time. 

Sometimes delivery of water for the extinction of fire is 
provided for by specifying that, whilst the engines shall be 
capable of delivering the normal quantity of water, whilst 
developing a certain " duty," they shall be capable of delivering 
a certain percentage more, say 20 per cent., regardless of efficiency 
— or at least without any specially-stated efficiency — as regards 
coal consumption. 

There is no great objection to this arrangement, but that it is 
necessary to be very careful in providing ample boiler reserve 
in such a case, for it must be borne in mind that, if the engines be 
run at a speed, say 20 per cent, in excess of the normal speed, it 
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will be necessary to increase the steaming by more than 20 per 
cent., because the engines will probably not work as economically 
as at their normal rate. 

In any case, however much spare boiler power has to be provided, 
there is always the trouble, in connection with pumping systems 
without a reserve of pumped water, that a sudden demand for an 
increased supply of water involves a sudden increase in steam, 
whereas it takes some time to increase the steaming of a set of 
boilers by bringing additional boilers into work. In this con- 
nection, it is worth remembering that steam can be got up much 
more rapidly in boilers of the marine or locomotive or of the 
" tubulous " or ** water tube " kind, than in boilers of the 
Lancashire or Cornish type that hold a great mass of water 
that has to be heated. 

Spacing and Position of Hydrants. — It is not easy to say 
anything very definite about the spacing of hydrants, farther than 
that the more there are the better, which of course means that the 
closer they are spaced the better. The question of expense is the 
only limiting quantity. The actual cost of hydrants themselves 
forms no small item in the price of waterworks, and there is no 
use in scattering hydrants thickly, unless the mains are of size 
enough to supply all that may be in the proximity of any building 
that may catch fire. It will be evident that the more dense the 
population and the more valuable the property the greater is the 
reason for thickly scattered hydrants. 

Perhaps it may be said that, in thickly populated parts of 
cities, particularly in business centres, the spacing of hydrants 
should not be over 100 yards, though it may be less, and that it 
should be not more than 150 yards at any part of a city. 

As to the position of hydrants, it is evident that there is a 
distinct advantage in a street-crossing as a position, for a hydrant 
there commands any one of two, three, four, or even more streets, 
without the necessity of bending the hose round a comer, and is 
in a position where the man actuating it can always see the site of 
conflagration. It is recommended, then, that a hydrant should be 
placed at every street-crossing, and that there be an intermediate 
hydrant wherever street-crossings are more than 150 yards apart. 

Mr. Freeman, already mentioned (p. 190) as an authority on this 
subject, strongly recommends that the positions of hydrants be 
decided on the spot, rather than on a plan of the town, and there 
is much to be said for this. It is also advisable for the engineer to 
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consult the Fire Brigade authorities, rather than to rely on his own 
judgment alone. The writer, indeed, in working out a distribution 
system, considers it most satisfactory to hand a clean map of the 
town to the Fire Brigade authorities, and to ask them to locate the 
hydrants. The mains, up to a certain limit of 
size, are then worked out solely with a view to 
supply these hydrants, and it is still possible to 
modify the proposed positions to a very con- 
siderable extent on the ground afterwards, and 
yet have a sufficient supply for all hydrants. 



Form and Size of Hydrants. — One has 
only to look over the pages of any of the large 
catalogues of makers of waterworks appliances 
to see how many diflPerent forms of hydrant 
have been invented, and to be struck with the 
idea that some of them must have been invented 
surely rather for the sake of producing some- 
thing new, and perhaps patentable, than on 
account of any really useful novel feature. 

The requirements of a good fire-hydrant 
may be stated as follows : — (1) It must not be 
liable to get out of order, either by leaking, 
sticking, or in any other way. (2) It must 
allow a full and unobstructed flow of water on 
opening the valve. (3) It must be of such 
form that hose may be connected with it with 
the least possible trouble. (4) In countries 
where the frosts of winter are severe, it must 
be so constructed that it is not liable to freeze 
up. (5) The cost must be moderate, as the 
providing of fire-hydrants constitutes a con- 
siderable item in the first cost of waterworks. 

Hydrants may be divided into two classes, 
'pillar hydrants and sunk hydrants. Pillar 
hydrants stand several feet above the street 



Fig. 188. — American 
form of piUar hydrant 
(Fanning). 



level, and are 

commonly fixed on the outside of the side-walk. Plate XL. 
(Figs. 186, 187) illustrates a form not uncommon in England. 
Fig. 188 (from Fanning) shows an American form of pillar 
hydrant. 

The pillar hydrant has the advantage that it is a conspicuous 
object, and that the fire-hose can be attached to it without the 
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intervention of a stand-pipe. It is, however, not commonly used 
except in towns of comparatively small size, presumably because it 
is considered that it would interfere with the traffic too much. It 
is, however, difficult to see how, placed on the outside of the foot- 
way, it should do so. It has, undoubtedly, the disadvantage of 
being more expensive than a sunk hydrant. 

Sunk hydrants are fixed entirely below the level of the street, 
access being got to them by opening a small hinged door, and a 
short stand-pipe, generally of copper, has to be fixed to the hydrant. 




Fig. 189. — Merry weather's hydrant. 



either by a screw or a bayonet joint, or a combination of both, for 
screwing the fire-hose to at the time of a fire. Here at once comes 
one of the inconveniences of sunk hydrants. At times the cast- 
iron cover is sure to be covered with mud or snow, and, in the hurry 
that there is at the time of a fire, especially at night time, there is 
often delay in finding the door and in opening it, even if its position 
be well marked. In every case the position of a sunk hydrant 
should be distinctly marked by conspicuous letters on the nearest 
wall, and it must be admitted that such letters are not always 
ornamental. 

Fig. 189 illustrates an ingenious hydrant patented by Messrs. 
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Merry weather and Sons, that possesses many of the advantages of 
both the pillar and the sunk hydrant. The tubes A, a are telescopic. 
When the hydrant is not wanted for use they are both in the 
position shown on the right — that is to say, they are under the street 
level. They can, however, be raised into the position shown on the 




Fig. 190. — Ball hydrant and stand-pipe. 



left, either by hand, or by opening the screw-down valve a little 
before the brass caps are removed. 

This hydrant, as will be seen, gives a free water-way of con- 
siderable diameter, and does not exhibit the common absurdity of 
having two 2^-inch unions on one 2 J-inch branch or stand-pipe. The 
only present objection to this form of hydrant is its high cost. 

Besides classifying hydrants as pillar hydrants and sunk 

p 2 
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hydrants, they may be divided into hcdl hydrants^ sluice-valve 
hydrants, and screxo-down hydrants. 

Ball hydrant. — This is the simplest form of hydrant there is. 
It is illustrated, along with the stand-pipe that has to be used with 
it, in Fig. 190. The action is very simple. The stand-pipe is fixed 
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Figs. 191, 192.— Sluice-valve hydrant 



Fig. 193.— Stand-pipe for 
sluice- valve hydrant. 



over the hydrant by allowing two projections on the bottom part of 
the stand-post to catch under the two lugs of the hydrant, and screw- 
ing the stand-pipe home, so that a watertight joint is made between it 
and the hydrant. To open the ball valve, the central spindle of 
the stand-pipe is screwed down, so as to push the ball from its 
seat. 

Ball hydrants are more liable to leakage than those of other 
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forms. Dirt is liable to lodge between the ball and the seat, and, 
in the case of very heavy pressures, the rubber-covered ball is liable 
to become distorted, or grooved, in form. Nevertheless considera- 
tions of economy often lead to the use of such hydrants, and, indeed, 
for moderate pressures — say equivalent to 100, or at the very 
most 150 feet head — they appear to be fairly satisfactory. 

A sluice-valve hydrant is illustrated in Figs. 191, 192. It 




Fig. 194. — Screw-down hydrant (first example). 



scarcely needs any explanation. This form of valve may almost be 
said to be the standard in England, where filtered water only is used. 
It is not suitable for use with any water that is not filtered, as the 
sUghtest grit is liable to corrugate the face of the sluice- valve, after 
which it will no longer be absolutely watertight, and the slightest 
leakage in a fire-hydrant is the greatest nuisance, especially at 
times of frost, even if only mild frost. 

Fig. 193 shows the form of stand-pipe used with this hydrant for 
the fixing of hose pipes. 
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There is great variety in the design of screw-doivn hydrants. 
Figs. 194, 195 show two good forms. They need no particular 
explanation. 

In America screw-down hydrants are more conompnly used 
than sluice-valve hydrants, and, moreover, whereas in England, 
where screw-down hydrants are used, the valves may work " brass 
to brass," in America the valves are always made of "sole 




Fig. 195. — Screw-down hydrant (second example). 



leather " or india-rubber, seating in brass. This appears to be on 
account of the prevalent use of unfiltered water in America. 

Figs. 196, 197 (from Fanning) illustrate a form of American 
sunk hydrant that has several features to recommend it. In the 
first place it is intended to be fixed at the crossing or junction of two 
pipes in an " interlacing " system, so that it will get the full benefit 
of the flow of water from three or four different directions. The 
upper piece is portable, being made of brass, as light as is con- 
sistent with standing the pressure of the water. This is screwed 
to the lower casting if the hydrants have to be brought into 
action. It will be seen that there is a centre spindle controlUng 
the main screw-down valve, and that there are smaller spindles, 
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each controlling a sluice-valve closing one of the nozzles for the 
attachment of a hose pipe. There may be two, three, or four of 
these nozzles. 





Figs. 19(», 197. — Sunk hydrant : American form (Fanning), 



Size of Fire Hydrants. — The commonest size of fire 
hydrants until recent years was 1\ inches internal diameter — and 
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it is still only too common, in England at any rate, to adopt 
hydrants of this small size — that is to say, there was a clear 
internal space of that diameter throughout the hydrant. 

Such hydrants will give a fair jet from one fire nozzle 1 inch 
in diameter, or even perhaps 1^ inch diameter, or two jets from 
fire nozzles \ or even f inch in diameter, and these latter sizes 
used to be considered, and unfortunately still are considered, large 
enough for jets worked off the main. 

At the present time, however, the tendency, especially in 
America, is to use larger and larger nozzles. The limit to the 
size of nozzle that can be used is the diameter of the hose, and 
that is limited by the facility of handling it. The common dia- 
meter of hose pipe is 2\ inches in diameter. In America 3-inch 
hose has been tried, but has been found very troublesome in 
handling. 2f inches diameter has been suggested as a com- 
promise, but the writer is not aware that hose of this diameter 
has come into general use anywhere. 2^ inches may, therefore, 
be taken as the standard diameter for hose pipes. Such hose will 
throw a good stream from a nozzle 1 inch in diameter ; a fair jet 
from a nozzle 1^ inch diameter; and a poor one from a nozzle 
\\ inch diameter, assuming a length of hose pipe that ought to be 
the maximum used in case of fire. 

The commonest number of hose to work from one hydrant is, 
in England at least, two. With a hydrant 3^ inches diameter, 
two nozzles of a diameter of \ inch, or 1 inch, will give good jets ; 
with 1^ inch will give fair jets ; and even with 1;^ inch will give 
some sort of a jet. 3^ inches is, therefore, suggested as a mini- 
mum standard diameter. Larger sizes may be used for a greater 
number of streams, as 4 inches for three streams, 4^ inches for 
four streams. Even larger sizes than this last mentioned are 
often used in America. 

Where a 3^-inch hydrant is used, it is recommended that it be 
fitted with a 4-inch socket, and that the pipe supplying it be at 
least 4 inches in diameter. 

Prevention of Freezing in Hydrants. — In countries 
where the winters are excessively cold — as, for example, in the 
Northern States of America — hydrants, at any rate pillar 
hydrants, have to be fitted with '' frost cases " to prevent them 
from freezing hard. In climates such as that of England this is 
not necessary. In the case even of a pillar hydrant, there is no 
danger of freezing whilst even a small stream is passing through 
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the hydrant. Freezing would, however, be liable to take place 
were the hydrant to remain for any length of time with the 
central tube fiill of water. The tube would naturally remain full 
of water after use, unless there were some special provision for 
emptying it. 

In a cUmate such as that of England, water even a foot or so 
below the street level does not freeze in an ordinary winter, so 
that it is seldom that a sunk hydrant freezes, even if the water be 
allowed to remain in the bend and short upward piece of pipe 
belonging to it. There are winters, however, when even sunk 
hydrants will freeze if the water be allowed to remain in them. 
For this reason it is advisable to provide some drainage arrange- 
ment even for such hydrants. Very often this is merely a small 
valve or cock, to be opened by hand when the main valve has 
been closed. There is always a great chance that the draining in 
this way by hand may be forgotten, and an automatic arrange- 
ment is for this reason often introduced. 

Such an arrangement is shown in Figs. 191, 192 (p. 212). 
There it is shown as applied to a sunk hydrant, but it is manifest 
that it would suit a pillar hydrant equally well. The means of 
adapting this principle to screw-down hydrants, as well as to 
sluice-valve hydrants, will suggest themselves to every engineer. 
In the particular case illustrated the closing of a sluice-valve opens 
a small " clack " valve, which allows the water to drain away. The 
opening of the sluice-valve closes the clack valve again. 



CHAPTER XX. 

Pipes for Waterworks. 

Material for Pipes. — In many countries the first material 
that has been used for pipes has been wood. The pipes have been 
made either by hollowing out the trunks of trees, or by building 
up of staves or planks. Recently in America there has been 
a return for certain purposes to the use of pipes built up of 
wooden staves, these staves being bound together by iron hoops. 

In Eastern countries bamboos are largely used as water-pipes 
of small diameters. The partitions at the joints or nodes are 
knocked out with an iron tool, and a light convenient pipe that is 
capable of resisting some little internal pressure results. 

The first improvement on wood as a material for pipes seems, 
in Britain at any rate, to have consisted in the use of lead, the 
pipes being either cast as pipes, or being made out of the sheet 
lead, which itself was cast until a comparatively recent date. 

The standard material for pipes used for waterworks at the 
present time may undoubtedly be said to be cast-iron. Here we 
are referring to pipe conduits, and to the mains and sub-mains 
of distribution systems, not to house-service pipes, which are still 
principally made of lead. Cast-iron is much more perishable than 
lead, but it is very much cheaper and stronger. Moreover, it 
has probably a longer life, if properly treated, than any other 
metal that is really practicable for extensive use in making pipes 
of any size for waterworks. 

Of late years wrought-iron and steel riveted pipes have been 
used to a very considerable extent. In the case of large sizes they 
have distinct advantages in respect of their lightness, on account 
of which they are easily handled. It is no trifling matter at all 
to handle cast-iron pipes of diameters of 3 feet and upwards. 

In America, and also in France, what may be called " com- 
posite pipes " have been used to some extent. These consist of a 
shell of wrought-iron or steel, stiffened with a lining of cement. 
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either inside or both inside and outside. The idea is to gain some 
of the Hghtness of wrought-iron or steel pipes, with some of the 
stiffness of cast-iron pipes, and also to avoid the likelihood of 
rusting. 

The use of stoneware or fireclay pipes has already been 
mentioned in the chapter on the Flow of Water in Pipes and 
Conduits. 

Cast-iron Pipes. — These pipes are of two different kinds, 
according to the nature of the joint used to connect one with the 
other. There oxejlanged joints and s^piggot and faucet (or spiggot 
and socket) joints. 

The flanged joint is illustrated here (Figs. 198, 199). It is made 





Fig8. 198, 199. — Flanged joint for water pipes. 

watertight by covering the face of the flange with red-lead putty 
(made by working up white lead in linseed oil with dry red lead), 
imbedding a piece of string for two or three turns, and screwing up ; 
or by screwing up on a ring of gutta-percha or lead or soft copper 
wire. A rubber ring will also serve between the flanges. Flanged 
joints are used extensively in connection with waterworks for con- 
necting pipes with valves and other special fittings. They are to be 
preferred in any case where it is likely that it may be necessary 
to break the joint at any time. A flanged joint can be taken 
apart and remade much more readily than a spiggot and socket 
joint. Flanged joints are not used on long lengths of straight pipes, 
because, for one thing (for no reason that is very evident), they 
are considerably dearer than socket pipes. The main objection to 
their use is, however, that they do not allow in any way for the 
contraction and expansion that take place in every long pipe on 
account of change in temperature. There is a further objection 
to them when they have to be shipped, that they do not pack so 
well as socket pipes. 
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^P^gg^*^ ^i^d socket pipes again are divided into two kinds — 
namely, those with tunied and bored joints, and those with joints 
to be rxin with lead. In the case of turned and bored joints the 
pipes are metal to metal, the turned spiggot fitting accurately into 
the bored socket. Several common forms of such a joint are shown 
in Figs. 200, 201, 202. Of course, it costs something to turn 






Figs. 200, 201, 202.— Spiggot and socket pipes with turned and bored joints. 



and bore the pipes, but when there are large quantities the cost is 
not great, as machines can readily be arranged to turn the work 
out very quickly. There is saving in lead and in labour, and it 
thus results that it is cheaper to lay a pipe with turned and bored 
joints than with lead joints. 

The process of laying pipes with turned and bored joints is as 
follows : — The turned and bored parts of the pipe are thoroughly 
cleaned, and are then smeared over with either a solution of sal- 
ammoniac (chloride of ammonium), or with a mixture of tallow 
and resin. The spiggot is then entered in the faucet, and the pipe 
is well rammed home. This may be done by swinging the next 
pipe that is to be laid with a block and tackle, and using it as 
a battering-ram, a block of wood intervening to prevent any 
breakage. The motive for using sal-ammoniac is to '* rust '' the 
pipes together, practically making them one continuous piece. The 
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tallow and resin of course actually prevent any rusting from taking 
place, but they make a joint that is watertight, at any rate unless 
the joint " draws " at all. 

In this question of '^ drawing " we have the whole trouble of 
turned and bored joints. There is no allowance for expansion and 
contraction. If the pipes are laid in very cold weather they will 
get out of line with an increase of temperature, or will actually 
break. On a fall of temperature again the joints will *' draw." If 
the pipes have been laid in warm weather the joints will ''draw " 
in cold weather, or the first time that cold water passes through 
the pipes. Attempts have been made to get over this difficulty by 
having one lead joint to every five to ten turned and bored joints, 
or by having expansion joints at intervals, but these are clumsy 
expedients, and it may be said that turned and bored joints are 
not to be recommended for any length of straight pipes that it is 
essential should not leak. 

Joints run ivith lead satisfy all the requirements of long 
straight pipes. In fact, they are suitable everywhere except where 
it is expected that the joint may have to be broken for repair of a 
valve or the like. As has been said, flanged joints are best in 
such cases. Joints run with lead are, if properly made, quite 
watertight, and they allow sufficient expansion and contraction, 
through the softness of the lead, to prevent leakage from 
'' drawing." 

A lead joint is made in the following manner : — The spiggot 
having been entered in the socket, a *' gasket " of spun yam, or a 
ring of lead, is caulked into the bottom of the socket. This keeps 
the two pipes concentric, and makes a joint so far " lead-tight " 
that if the rest of the socket be filled up with molten lead none 
will enter the pipe. Spun yarn is most commonly used on account 
of its cheapness, and because it is so easily handled. Lead is 
certainly to be preferred, inasmuch as it leaves nothing of a 
decomposable nature in contact with the water. 

Next, the outer end of the socket is closed, to be " lead-tight." 
In the case of small pipes this is commonly done with thoroughly 
kneaded fireclay only, but in the case of large pipes an iron ring 
in halves is commonly used. In any case the object is to close 
the whole of the outside of the socket, except a hole at the top, 
by which it can be filled up with molten lead. 

The socket is now run full with molten lead, and time is given 
for this to solidify. The ring is then removed and the lead is 
thoroughly " caulked " or '' set up " with a short thick caulking 
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tool. That is to say, it is compressed by hammering so as to bear 
outwards on the inside of the socket and inwards on the outside 
of the spiggot, and so as to fill up any interstices that there may 
be in either surface. Figs. 203, 204 illustrate the tools used for 
caulking in the ring of gasket or lead, and for caulking the joint 
after running with lead. It is sometimes specified that the joint 
must be trimmed entirely with the caulking tool, a chisel not being 
used at all. It is supposed that better caulking is thus insured 
than if the ragged edge of the joint be trimmed with a chisel 
The lead used should be soft blue pig lead. 

The form of the spiggot and socket is a thing that has received 
much attention, and the number of designs that have been made 
is legion. Each one is supposed to have some special advantage. 
The writer believes that these special advantages for the most 
part exist only in the imagination of the designer. 

Certain things are to be borne in mind in either designing a 





Figs. 203, 204.— Tools used for caulking joints of pipes. 

spiggot and socket or in selecting one from the very many designs 
that already exist. One is that not more lead than is necessary 
is to be used ; another, that the socket shall have such strength 
that it is not likely to be split by the very heavy internal pressure 
that is brought about by the caulking process. There are no 
data for calculating either the minimum quantity of lead that is 
needed to make an efficient joint, or the thickness of metal of the 
socket that is necessary to prevent danger of bursting during the 
caulking process. The matter of designing a spiggot and socket, 
or of selecting one, thus becomes a question of judgment only. 

In Figs. 205 to 208 illustrated sections are given of several 
forms of spiggot and socket that have found favour. The writer does 
not pretend to find much advantage in one over any of the others. 
Sometimes a groove, either V-shaped or semicircular, is cast in 
the inside of the socket. The object of this is to prevent drawing 
of the joint. It is difficult to see wherein there is any advantage 
in the adoption of this groove. It has been amply shown that the 
resistance to drawing of pipes properly caulked with plain sockets is 
very great, and, indeed, it would seem to be a mistake to introduce 
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additional resistance, as one of the advantages of the lead-caulked 
joint is that it ** gives " suflBciently to allow for contraction and 
expansion due to change of temperature. Then again there is the 
possibility of a less perfect joint than would be got with a plain 
socket, through the imprisoning of air in the groove. In some 
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Figs. 205, 206, 207, 208. — Spiggot and socket pipes, with joints run with lead. 

cases this has been provided against by boring a small hole into 
the groove, the pipe being so laid that this hole is at the top. 

Various sockets have been designed, having their internal 
surface a part of a sphere. One such (from Fanning) is illustrated 
in Fig. 209. The object is to form a '* ball and socket " joint, so 
as to allow of a large amount of play. Such joints are of use in 
special cases, as when a length of pipe, already jointed, has to be 
lowered on to an uneven bed — as, for example, on the bed of a 
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river — but they have no advantage for general use. Ordinary lead- 
caulked joints will " give " for any amount of settlement that is 
not likely to " draw " the joints, and if there be such settlement 
as is likely to draw the joints, a cylindrical joint is likely to 
remain more watertight than a spherical joint. 

Length of Cast-iron Pipes. — It is evident that there is 
an advantage in considerable length in straight cast-iron pipes. 
The greater the length of the individual pipes, the fewer the 
joints in any given length of main, and hence a reduction both in 
cost and in the possibility of leakage at joints. The limit in the 
length of pipes is found in the possibility of casting them straight 
and of uniform thickness throughout. 

In English practice pipes of small diameter were, until a com- 




Fig. 209. — Waterpipe with ball and socket joint (Fanning). 

paratively recent date, cast of 8 or 9 feet lengths (exclusive of the 
socket), of 10 feet lengths for larger pipes, and of 12 feet lengths 
for pipes of, say, 18 inches and upwards. It is now common to 
cast pipes from 4 inches diameter upwards of 10 feet lengths. 
Longer lengths than these mentioned have been adopted by some 
pipe manufacturers, notably by Belgian foundries. 

Thickness of Cast-iron Pipes. — If cast-iron pipes were 
made only thick enough to resist the internal pressure that they 
are to be subject to in the mains and submains of waterworks, 
— even allowing for '* ramming," and with an ample " factor of 
safety," let us say six — they would be so thin that they could 
not be handled with safety, and, moreover, would be liable to frac- 
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ture from the ramming of the earth on the top of them, and from 
the slightest settlement of the gromid. This is an all-sufficient 
reason for making pipes thicker than they would have to be 
according to any calculation based on the internal pressure that 
they are to be subject to alone ; but there is another, namely, the 
necessity for providing against slight inequality of the thickness of 
pipes. It is evidently an impossibility to cast pipes of mathe- 
matically an equal thickness throughout all parts of their length 
and circumference. 

Were no allowance made for the contingencies here mentioned, 
the formula for the thickness of cast-iron pipes would merely be 

H * 

where 

./ = the tliickness of the pipe in inches. 

p ■■= the pressure in lbs. per square inch. 

r = the internal radius of the pipe in inches. 

/ ^ the factor of safety determined on. 

s -= the tensile strength of the metal in lbs. per square inch of section. 

If this formula were used, it would be found that — taking, for 
example, a diameter of 4 inches, a pressure of 200 lbs. per square 
inch, a tensile strength of iron of 18,000 lbs. per square inch, and a 
factor of safety of 5 — the thickness would be less than ^-inch, a 
thing that is evidently absurd. 

On the other hand, taking a pipe of 40 inches in diameter, 
the other conditions the same, it will be found that the thickness 
according to formula is nearly 1^ inch. This is not nearly so 
absurd a thickness for a 40-inch pipe as ^-inch is for a 4-inch 
pipe. It is, therefore, evident that it is necessary to add much 
less proportionately in the case of large than of small pipes to 
cover the contingencies mentioned above, even if it is not 
necessary to add less actually. 

Ramming of Water in Pipes. — If water be flowing in a 
long pipe with any considerable velocity, and the flow be suddenly 
stopped by closing a valve at the end of the pipe towards which 
the water is flowing, an action called " ramming " takes place. 
This consists in a sudden momentary increase of the pressure of 
water, which may be very considerable. In a short description of 
the hydraulic ram it has been explained how this ramming may 
actually be made use of, to raise a portion of water to a greater 
height than the whole of the water gravitated from. 

In all modern waterworks care is taken to minimise 

Q 
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ramming by providing valves that can be closed only somewhat 
slowly, by providing safety valves at the lower ends of very 
long lengths of pipe, in which the water flows at any considerable 
velocity, &c. Still it is necessary to make some provision against 
ramming in the strength of the pipes, and that not an inconsider- 
able one. It is to be borne in mind that the additional pressure 
due to ramming is a function not of the statical pressure in the 
pipe?, but of the velocity of flow, so that, other things being equal, 
it is likely to be as great in a low-pressure system as in a high- 
pressure. Fanning gives 100 lbs. per square inch as a sufficient 
allowance for ramming, and it seems to the writer that this is 
ample, if the precautions mentioned above be not neglected. 

Bearing in mind what has been said above, we shall say a 
word or two about various formulae that have been largely used. 

Prof. Rankine gives the following rule for the mininmm- thick- 
ness of pipes : — " The thickness is never to be less than a mean 
proportional between the internal diameter and ;jV-inch." Put in 
the form of an equation this rule is thus stated : — 

/ = ^'^tm iL 
Where 

/ = the thickness of the metal in inches ; 
d = the internal diameter in inches. 

A formula from Molesworth that has been much used is as 

follows : — 

/ = -0012:) P ^/ + X. 
Wliere 

/ = the thickness of the metal in inches ; 
P= the pressure of water in ll)s. per square inch ;* 
d = the internal diameter of the pipe iii inches ; 
X = -87 inch for pipes of less than 12 inches diameter ; 
= '5 inch for pipes from 12 to j5() inches in diameter ; 
= 'C inch for pipes from 80 to5 inches in diameter. 

The following is the equation given by Fanning : — 

, = (y' + ioo)rf+.333/i__!LY 

•4 S \ lUO/ 

/ = the thickness of the pipe in inches ; 

;> = the pressure of water in lbs. per square inch ; 

d = the internal diameter of the pipe in inches ; 

S ^ the tensile strength of the metal in lbs. per square inch. 

* It is not stated whether this P is to include an allowance for ramming; 
but the factor of safety involved in the formula, when x is left out of consideration, 
is such as to indicate that P must include an allowance for ramming. That is to 
say, P should be taken as ;? -I- r, when p is the actual maximum statical pressure iu 
the pipes ; r is an allowance for the extra pressure to be allowed for ramming, say, 
100 lbs. per square inch. 



Where 
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In this case the figure 100 that appears in the upper line of 
the first part of the equation is allowance for ramming. It is, 
therefore, unnecessary to make any further allowance. 

If the last two formulae — that by Molesworth and that by 
Fanning — ^be examined, it will be seen that there is a remark- 
able discrepancy between them. Thus Molesworth makes a 
greater allowance in thickness for contingencies in the case of 
large than in that of small pipes ; Fanning makes less. In fact, in 
the case of Fanning's formula the allowance would become nil 
in the case of a pipe of 100 inches in diameter — and pipes not so 
very short of that diameter are coming into use. 

It does not seem very evident why there should be any point 
at which the allowance should cease altogether — leaving out 
of the question the minus allowance that would result if the 
formula were applied to pipes of over 100 inches in diameter. On 
the other hand, there is no very evident reason why the allowance 
should increase in the case of large pipes, for it is, if anything, 
easier to keep the thickness of metal uniform in large than in 
small pipe castings. 

In any case, when two authorities such as those in question 
disagree, it seems safe to take a middle course. This the writer 
has done by adopting a constant allowance for all sizes of pipes. 
The following is the formula he has used : — 

^^ (/?+ 100) r/+ -8. 
S 
Where 

/ = the thickness of the metal in inches ; 

p = the pressure in lbs. per square inch ; 

r = the internal radius of the pipe in inches ; 

/ = the factor of safety adopted ; 

S = the tensile strength of the iron in lbs. per square inch of section. 

In this formula the figure 100 that appears is allowance for 
ramming, so that it is not necessary to make any further allow- 
ance. The figure '3 is the extra allowance in thickness of metal 
on account of contingencies. 

The tensile strength of the cast-iron used in pipe-founding 
ought to run to about 20,000 lbs. per square inch, but not more 
than about 8 tons, or, say, 18,000 lbs., is to be counted on. 

If ample allowances were not already made, by adding to the 
pressure in case of ramming, and by adding to the thickness of the 
metal to cover contingencies, it would be necessary to adopt a 
factor of safety of about 6. As, however, the allowances men- 
tioned have been made, a factor of safety of 4 is sufficient. 

o 2 
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The subjoined table, compiled for the writer's own use, assumes 
an ultimate tensile strength of 18,000 lbs. per square inch and a 
factor of safety of 4. The thicknesses are to the nearest ^ of an 
inch above what is given by the formula. The pressures taken 
are 50, 100, and 200 lbs. per square inch. For pressures between 
any two of these, or for diameters between any two given in the 
table, it will he near enough, in practice, to take proportionate 
thicknesses, although this procedure is not strictly correct. The 
heads corresponding to these pressures are, respectirely, 115, 230, 
and 460 feet. 

The formula and table here given have been used in practice 
for some time past, and the writer therefore leaves them unaltered. 
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It is very doubtful, however, if a slight modification might not be 
an improvement. The following is suggested : — 

j,_(p+ 100) 5 r 

^ 18,000 + ^^' 

the meaning of the terms remaining as before. 

It will be seen that here 5 is taken as a factor of safety, whilst 
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the thickness added to cover contingencies is reduced from a little 
less than ^rd of an inch to ^th of an inch. The result is to make 
small pipes for light pressures somewhat less in thickness than the 
table gives to make large pipes, especially those for high pressures 
considerably greater in thickness. For example, the thickness of 
4, 30 and 72 inch pipes, for the several pressures given in the 
above table would come out as follows : — 



4 inch pipe . 
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The reasons for thinking tliat this formula might, perhaps, be 
an improvement on the one from which the table is calculated, is 
that, with the great skill that has in the present day been acquired 
in pipe-casting, ^ inch a side ought really to be an ample allowance 
for contingencies, whilst 4 is somewhat a small factor of safety. In 
the case of the small pipes the addition of ^rd of an inch added to 
cover contingencies, constitutes so large a proportion of the whole 
thickness of the pipe, that this is of no consequence. In the case 
of very large pipes it is otherwise. The ^rd in. added forms only a 
small fraction of the total thickness, and the factor of safety is low. 
Against this it may be put that ramming to the extent of 
100 lbs. on the square inch is practically impossible in very large 
pipes as used in waterworks, because the valves on such pipes can 
only be closed very slowly, whilst the sudden closing of a valve on 
a small branch from a large main does not retard the flow of water 
sufficiently to produce serious ramming. 

On the other side, again, it may be argued that the danger from 
the bursting of a very large main is so serious, that every possible 
precaution should be taken to prevent it. On the whole it seems 
difficult to decide on one formula in preference to another. 

Special Pipes. — Besides flanged pipes already mentioned, 
which may really be looked on as special pipes, many other special 
castings are. needed in connection with distribution systems, besides 
valves and other fittings of that order. These are chiefly T pieces, 
bends, Y pieces, and so forth. A set of these is illustrated in Plate 
XLI. (Figs. 210 — 215), and scarcely need explanation. The 
'* sleeve," Fig. 215, is used for connecting two spigot ends together. 
It is occasionally convenient to do this when pipes are laid at 
first ; it is often convenient, when a pipe has to be removed and 
replaced by a new one. With the regular spigot and socket, the 
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new pipe cannot be put in place without removing several others, 
but by using a pipe with a spigot at both ends no other pipe need 
be disturbed. The sleeve is slipped on the new pipe, and, when 
the latter is in position, it is slipped over the two spigots that have 
to be jointed together, and these are both run and caulked. The 
sleeve is, in fact, a double socket. 

Pipe Casting. — This is by no means the place in which to 
enter into a description of the details of pipe-founding. Much 
information on the subject is to be found in books treating of iron 
foundries, but there are many practical details that are known only 
by those who have had long practice in the work. It is not 
expected that a waterworks engineer should be acquainted with 
all the details of foundry work, but it is necessary that he should 
know the requisites of suitable pipes, be able to specify pipes so that 
they will possess these requisites if the manufacturers adhere to the 
specification,and that he should be able to tell, by testing in various 
ways, whether the pipes really fulfil the requirements. 

A number of conditions are therefore generally laid down in 
specifications, all of which it is expected the manufacturer will 
comply with. The following are the principal of them. There are 
several, such as tests for the strength of the iron, that may be 
considered as alternative. It is right, however, to say, that not all 
engineers insist on all these conditions. 

The iron to be used should, on fracture, show a close, smooth 
grain, gray in colour, should be tough, and of such a nature that it 
can readily be chipped with a chisel or filed with a file. It should 
be without any admixture of cinder-iron or other inferior metal. 

The pipe-founder may be instructed, at any time, by the 
inspector, to cast a bar to be tested for transverse strength. These 
bars may conveniently be 3 feet 6 inches long, 2 inches deep, and 
1 inch broad. These are to be supported on bearings placed 3 feet 
apart, and are to be loaded in the middle with weights till they 
break ; or, at any rate, until they sustain some weight determined on. 
Iron fit for pipes ought to bear about 2 tons in this test. 

On one of every number of pipes, a stud 8 inches long and 
1^ inch in diameter should bo cast. This stud should afterwards 
be cut from the pipe, and be turned down to an area of \ square 
inch, and be tested for tensile strength. Those studs ought 
not to break in any case at less than about 3 J tons, and the average 
of a number of breakages should not be less than about 4 tons. 

It is customary to give exact drawings of the sockets and 
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spigots of pipes, and to specify the thickness and weights, allowing, 
in the case of the weights, a small margin (say, two or three per 
cent.) on either side, on account of the impossibility of casting pipes 
mathematically to a certain thickness. It is common to specify 
that, should the pipes be lighter than the weight mentioned, minus 
the allowance, they shall be condemned, and should they be heavier 
than the specified weight plus the allowance, the additional weight 
shall not be paid for. 

There is something to be said for specifying merely the 
working pressures and test pressures that the pipes will be sub- 
jected to, allowing the pipe-founder to fill in the thicknesses and 
weights. The reason is that some pipe-founders prefer to use 
iron of greater tensile strength than others, reducing the thickness 
of the pipes accordingly. In such a case the engineer, in considering 
tenders, must be careful to observe that the thickness is really 
sufficient for safety, and that an unscrupulous tenderer has not 
reduced the thickness of the pipes to a dangerous degree in hopes 
that, by the reduction in price he can thereby allow, he Inay get 
the contract. 

There is a good deal to be said, too, for allowing the tenderer to 
tender for the form of socket that he has been in the custom of 
making. A pipe-founder is just as likely to know a good form of 
socket from a bad, as most engineers ; and we may be sure that, in 
the case of a pipe foundry, if the routine of the establishment has 
to be altered the alteration has to be paid for. Any pipe-founder 
can quote a lower price for a pipe of the form he has been accus- 
tomed to cast than one of a new form, at any rate, unless the 
quantity to be turned out be very large. 

The lengths of pipes are commonly specified, those without the 
socket generally varying from 9 feet for 3-inch pipes to 12 feet for 
pipes of 18 inches diameter and over. There is some difference in 
practice, however, and here, again, a great deal is to be said for 
specifying the length of pipe-run of each diameter needed, allowing 
each tenderer to fill in the lengths himself Some foundries are in 
the habit of turning out longer pipes than others. Belgian 
foundries, particularly, go in for extra long pipes. Of course, the 
advantage of a long pipe is that the number of joints is reduced, 
and the cost both of lead and labour. It seems a pity to so write 
specifications that the advantage may not be taken of long 
pipes, if, taking into consideration the saving in jointing, they 
are cheaper per yard run than short pipes ; yet it would not do 
to so write specifications that aU who cannot cast or have not 
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been in the custom of casting long pipes, should be shut out from 
tendering. Should the long pipes cost more, as deUvered, per 
yard run, than the shorter, the engineer can very easily calculate 
whether the saving in joints covers this extra cost or not. 

All pipes should be cast vertically, in dry-sand moulds, without 
the use of chaplets, core nails, or any substitute therefor ; the socket 
ends should be downwards; and there should be a sufficient head of 
metal above the actual pipe to insure compactness of grain of the 
spigot end. From one foot to two is sufficient. The flasks should 
remain unmoved for some time after the running of the metal, so 
that, by slow cooling of the semi-molten iron, all unequal contrac- 
tion may, so far as is possible, be prevented. 

All pipes must be free from air holes, cold shuts, cracks, and in 
fact all visible defects, and must be smooth both internally and 
externally. The metal of the pipes must be throughout of equal 
section, the transverse section being perfectly circular and the pipes 
quite straight. 

It is usual to specify that certain letters, generally the initial 
letters of the name of the waterworks, be cast on the sockets of the 
pipes. The letters may, with advantage, be from 1 inch to 2, or even 
3 inches high, according to the size of the pipes, and may stand in 
relief from \ to ^^ inch. 

Every pipe, as soon as possible after it has left the mould — 
if possible before it is cold — should be dressed and cleaned of 
all sand, dust, &c., and then treated with Dr. Angus-Smith's com- 
position. This is a varnish of coal tar, pitch, and oil. The varnish 
should be heated in a tank large enough to take the largest pipe 
to a temperature of about 400° Fahr. It is sometimes specified 
that the pipes be dipped cold, and be left in the bath till they reach 
the same temperature as the iron varnish. It is, however, pro- 
bably best to specify that they be heated also to about 400° Fahr., 
and be dipped for five minutes. They are then removed and stood 
on end to drain. The surface of the coating should be quite black 
and retain a bright gloss. The coating should adhere so firmly 
to the surface of the pipe that it shall be impossible to remove it 
by mechanical means without removing some of the iron with it. 

The reason why it is made a condition that the pipes be coated 
as soon as possible after they are cast is that, if they are not, there 
is a chance that they may rust, and the composition will not 
adhere over rust. This is a matter of great importance, for on the 
efficiency of the coating depends greatly, in some cases almost 
entirely, the life of the pipe. With really efficient coating, the life 
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of a pipe may be indefinite. With imperfect coating a pipe will, in 
some soils, be completely eaten through in a few years. 

Testing Pipes. — It is always specified that pipes be hydrauli- 
cally tested to a certain pressure, 
and this is a most important 
matter. They should be tested 
to at least double the statical 
working-pressure — that is, to 
double the head there would 
be in the pipes whilst no water 
is being drawn off. It is better 
in all cases where there is any 
danger of ramming to add 100 lb. 
to the pressure corresponding 
to double the head. For what- 
ever purpose waterworks pipes 
are to be used, even if they 
follow the hydraulic grade line, 
so that there is barely any 
pressure in them, they should 
be tested to 100 lb. per sq. in. 

In testing pipes they are 
first filled with water, and it is 
important that they be quite 
filled ; as, if there be no air, 
a pipe bursting will do so quite 
quietly on account of the com- 
parative incompressibility of the 
water. If there be air in the 
pipe the latter may, if it bursts, 
go off with an explosion and 
harm may result. The pipe 
being filled, pressure is put on 
with a pump, being measured 
by a pressure gauge. When 
the specified pressure is reached 
it is maintained for several 
minutes, during which the 

inspector strikes the pipe repeatedly in different places with a 
hand hammer. There should be no leakage, not even a *' sweating" 
or '* weeping " of water through any part of the metal. 
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Of course it is necessary, in toting, to close the ends of the 
pipes. In testing a few pipes two ordinary blank flanges may bo 
used, through one of which a hole is bored to receive a pipe from 
a hand pump. The flanges are bolted together by long bolts 
outside the pipe, the joints being made with thick sheet rubber, 
and water being pumped in by a hand pump. It is well to 
stand clear of the ends of the bolts. The writer remembers 
a man having his leg broken by the violence with which a large 
nut flew off the end of a bolt that broke during the testing of a 
pipe. 

If very many pipes are to be tested, it is a great convenience 
to have a machine such as that shown in Figs, 216, 217. This 
will need very little explanation. The water flows in by gravity 
by the large pipe, an air-valve being provided for the escape of air. 
When the pipe is filled the admission valve is closed. Water is 
then pumped in by hand, a very little being necessary to raise the 
pressure greatly. Sometimes a pump, worked from shafting, is 
provided, the same water being used over and over again. There 
is a pressure-gauge to indicate the pressure, and it is unnecessary 
to state that before any large number of pipes are tested the 
inspector should satisfy himself that the gauge is indicating the 
true pressure. A gauge is as likely to indicate too low as too 
high a pressure. The writer remembers a case in which a pipe- 
founder lost considerably before he found that the gauge was out 
of order and indicating much too low a pressure. 

Some engineers specify that the pipes be tested with oil. It is 
difficult to see what is the exact advantage of this proceeding, and 
it is a somewhat expensive process, as, even if the oil be used over 
and over again as far as possible, there is sure to be some waste. 
The testing is also a very ** messy " operation. 

It is common to specify that an inspector appointed by the 
waterworks shall have free admission to the foundry during all 
working hours, and that he shall have such assistance as is neces- 
sary for testing and generally satisfying himself that the pipes are 
being turned out as they ought to be. 

It is usual also to specify that if any pipe is condemned it is to 
be broken up, or that the distinguishing letters on the socket are 
to be chipped off, so that there is no chance that the pipe be slipped 
in amongst those that are passed ; also that consecutive numbers 
be distinctly painted on all pipes passed. The inspector sees, or is 
supposed to see, all such breaking up of pipes, the chipping-off of 
letters, and the numbering of pipes. 
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Iron and Steel Riveted Pipes. — It has already been 
mentioned that, although cast-iron may be considered as the 
standard material for waterworks pipes, various others are not 
infrequently used. Thus, for example, in America even wood 
was used not long ago, the pipes being built of longitudinal 
staves bound round with hoop iron. The adoption of such pipes 
seems rather a backward step, and we shall not consider them 
in detail here. In fact the only kind of pipes that seem in any 
way likely to compete with cast-iron pipes, for some time at 
least, are wrought-iron and steel riveted pipes, and these are the 
only ones that we propose to describe at any length here. 

The advantages of these pipes over cast-iron pipes are obvious. 
They are much lighter, they are generally somewhat cheaper in 
first cost, and they are much cheaper in transit, and much more 
easily handled. 

Roughly speaking, the tensile strength of wrought-iron is from 
two to three times that of cast-iron, and the tensile strength of 
good mild steel from three to four times. But the pipes may be 
made even less than one-half to one-quarter the weight of cast- 
iron pipes of the same diameter, to work at the same pressure. 
The reason is that it is not necessary to make anything like the 
percentage of allowance, over the thickness that would be got by 
merely taking a fair factor of safety, that it is necessary to make 
in the case of cast-iron pipes. The reason for this, again, is that 
there is no practical diflSculty in making the pipes as thin as is 
desired, whilst cast-iron pipes cannot be cast under a certain 
thickness with any chance of even approximate uniformity of 
thickness. The wrought-iron and steel pipes are made out of 
rolled plates, which are nearly of absolutely uniform thickneas. 
It is true that it is necessary to make allowance for the iron 
that is removed in punching the holes for riveting, but even this 
allowance is very much less, proportionally, than has to be made 
in the case of cast-iron pipes, especially in the case of those of 
moderate diameter. 

Allowing a very ample factor of safety, allowing for some 
inequality in the thickness of the plates from which the pipes are 
made, and also allowing amply for the reduction of strength by 
the rivet-holes, the weight of mild steel pipes will be found to vary 
from about one-third to one-seventh that of cast-iron pipes. 

The advantage in the matter of freight is, however, even in a 
higher ratio than this, as the pipes lend themselves more readily 
to *' nesting " than do cast-iron pipes. This is particularly true 
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when, as is often done, the pipes are shipped un-riveted, the 
riveting to be done at the place where they are to be used. In 
this case the plates are merely bent into form, and shells to be 
used even for the same size of pipe can be nested within each 
other, by slightly " springing " them. Breakage — an item that 
has always to be taken into consideration when cast-iron pipes 
are shipped — sometimes amounting to quite a large percentage of 
the whole — may be said not to occur at all in the case of wrought- 
irou or mild steel pipes. 

In fact, were we only sure of one thing — namely, that the pipes 
are likely to have the same life as cast-iron pipes — there would be 
only one opinion as to the advisability of using them. We have, 
however, not sufficient evidence on this point at the present time. 
Wrought-iron is more prone to rust than cast-iron, mild steel more 
prone than wrought-iron, and there is only a fraction of the 
thickness of material to be rusted through in the case of steel or 
wrought-iron pipes that there is in the case of cast-iron.* Assuming 
the protective coating to be perfect, either cast-iron, wrought-iron, 
or steel pipes ought to last for ever, but it is too much to assume 
the absolute perfection of the coating. The fact that a line or 
two of wrought-iron pipes have been in use in America for thirty 
years, or somewhat more, without showing signs of deterioration, 
is not sufficient evidence of the capacity of wrought-iron or steel 
pipes to last nearly as long as cast-iron pipes. 

This, however, is little more than the writer's private opinion, 
and not to be taken for much. There is no doubt that wrought- 
iron, and still more mild-steel riveted pipes, have been finding 
favour very rapidly with engineers within the last few years, and 
that great lengths of them have been laid down for waterworks. 
Moreover, it is always right to hear both sides of the question. 
The following is a quotation from a letter from one of the largest 
British manufacturing firms of such pipes : — 

" We believe they " (mild-steel riveted pipes) " will last as 
long as cast-iron pipes, possibly longer under favourable circum- 
stances. Cast-iron pipes sometimes become spongy, and decay 
very rapidly, while steel is not liable to this kind of deterioration. 
We have pipes now working most satisfactorily 24 inches diameter 
X ^-inch thick, conveying sewage, f Length of line 2 miles, 

* See note 20, Appendix 11. 

j" It is to be observed that the resistance of metal pipes to sewage must not be 
taken as a measure of their power of resisting the action of pure, or nearly pure, 
water. Sewage has the effect of quickly lining pipes with a greasy film, which 
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laid in 1887, and there is no sign of wear upon them. Experience 
in the United States goes to prove that there is no danger or risk 
in using steel or wrought-iron pipes instead of cast-iron, and they 
have in some cases been in use for thirty-three or more years. 
Our bituminous coating is a perfect protection against corrosion, 




Fig. 218. — Stamped steel flanged joint 

and the only care that has to be observed is in seeing that the 
pipes are properly coated before they are laid in the track." 

There are various methods of jointing these wrought-iron or 
steel pipes, and it should have been mentioned as one of the most 
decided advantages of them, that there are with them only about 
half as many joints as there are in the case of cast-iron pipes, the 




Fig. 219. — The Duncan patent joint for water-pipes. 

mild-steel pipes being made in lengths up to 25 feet, exclusive of 
sockets. Moreover it is claimed that, where socket joints are 
used, only 75 per cent, as much lead is needed as with cast-iron 
joints, as the lead space can be made narrower. Fig. 218 shows a 
stamped steel flanged joint, which needs no explanation. 

Fig. 219 illustrates one of a couple of socket joints that have 

effectually prevents rusting. This fact does not, however, have any important 
bearing on the subject, as, so far as the rusting of pipes is concerned, action from 
the outside is to be more feared than that from the inside. 
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been patented. It is known as the Duncan patent joint, and is 
thus described by Mr. D. J. Russell Duncan:* — 

" The Duncan patent joint is better than the last " (one in 
which the end of the pipe itself is expanded into a socket, which is 
necessarily comparatively thin), *' because the socket can be rolled 
of steel of greater thickness than the pipe, thereby giving greater 
strength when wanted. The socket is shrunk upon or riveted to 
the pipe, and, in some cases the pipes are expanded into the 
socket in the same manner, and by the same process as the 
expansion of boiler tubes into tube plates. 

" A feature of this joint is the bearing surface of the spigot on 
the bottom of the socket. It is so designed that the surface of 
contact is spherical and allows the angular deviation, horizontal or 



Fig. 220.— Tlie Riley patent joint for water-pipes. 

vertical, up to the limiting point, at which the spigot end of the 
pipe touches the extreme end of the mouth of the socket. The 
circle represents a sphere, and it will be seen that the bearing of 
the spigot on the socket is upon its surface." 

Of the " Riley patent stamped steel socket and welded spigot '' 
(Fig. 220), Mr. Duncan says : — " The best joint on the socket-ancl- 
spigot principle is a development of the two former " (that already 
described, and that mentioned as inferior to it), '' and is known as 
the Riley patent stamped steel socket joint. The great advan- 
tage of this joint is the stiffness obtained at the mouth of the 
socket by the rim, which is favourable for caulking with lead. 
Stamped sockets are also truly cylindrical, and being without 
welded seams greater strength is obtained." 

* See "Riveted Steel Pipes," by D. J. Russell Duncan, Assoc. M. Inst.C.E., 
M, InstM.E., Manager of the Steel Pipe Company, Ltd., Kirkcaldy, Scotland, read 
before the Eleventh Annual Convention of the American Waterworks Association. 
Philadelphia, Pa., April lG-19, 1891, for much valuable information about mild-sted 
pipes. 



CHAPTER XXI. 

Prevention of Waste of Watkr. 

One of the most troublesome things in connection with the 
administration of waterworks already established is the prevention 
or waste, or rather the minimizing of it, for some waste there 
will always be. In fact the administration of waterworks consists 
largely in a struggle against this insidious evil. 

Causes of Waste. — There are various causes of the waste of 
public water. One is a misapprehension to the effect that a 
continual small stream of water along a house drain improves 
the sanitary condition of a house. This is a mistake. A short 
sudden rush at intervals has a beneficial effect in flushing drains, 
but a continual dribble has none. There is no use, therefore, in 
allowing small streams of water to flow continually down water- 
closets, or other sanitary appliances. On the other hand it 
must be admitted that some of the regulations — in connection, for 
example, with the use of water-closets— are harmful from a 
sanitary point of view. By improvements in the form of water- 
closets and of flushing apparatus, the former have been made quite 
self-cleansing with flushes of 2 gallons, or even of considerably less 
and the flush is often restricted to 2 gallons or less, appliances 
being insisted on that make it impossible to give a greater flush. 
The compilers of such regulations seem to have forgotten 
entirely that the function of the water is not to flush the closet 
only, but to flush the house-drain right to the sewer, however 
far off that may be. Except in the case of very short, well-laid 
drains of considerable fall and small diameter, 2 gallons is not 
enough to do this, and regulations ought, from a sanitary point of 
view, not only not to limit the quantity to 2 gallons, but should 
stipulate that it be considerably more. 

This is not very much to the point, however, for it must be 
admitted that by far the greater part of the waste that takes 
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place is due to sheer carelessness on the part of the consumers of 
water, often carelessness that can only be considered culpable, 
if it be borne in mind that the wilful waste of water supplied by 
waterworks is simply stealing. The water is actual public pro- 
perty if the works belong to the corporation ; and even if they 
belong to a company, the water is public property in the sense 
that the price that each individual has to pay to the company 
must in great part depend on the consumption of the whole. 
including waste. It is undoubtedly the case that, in many towns 
of Europe, the water wasted has, at any rate until recently, when 
there has been much improvement in such matters, actually 
exceeded that used for legitimate purposes. It would appear 
that, in the case of American towns, the water wasted often many 
times exceeds that used legitimately. 

It is not at all difficult to understand why the average house- 
holder is indifferent to the waste of water in his house, unless he 
has to pay for water by meter, as to be described hereafter. Any 
waste that he can individually make affects inappreciably the total 
consumption of water, and consequently, affects inappreciably the 
water rate. It is therefore a matter of indifference to him whether, 
for example, a tap be left running the whole night or not. There 
is more than this, however. Supposing that there is leakage from 
a pipe, or from any fitting, that does not cause actual incon- 
venience to the folks of the house, there may evidently be more 
than indifference in the matter of repairing this leakage, for the 
householder has to pay for the repairing, and beyond the satis- 
faction that may arise from a virtuous action performed he has 
no reward ! It is evidently to his advantage to allow the leakage 
to continue. In the Northern States of America it is quite 
common to keep taps constantly running in winter, lest the water 
in the pipes should freeze, and in many ways water is used 
lavishly, if not actually wastefully. 

Apart, however, from this, a great deal of leakage takes place 
simply because it is difficult to appreciate how large a quantity of 
water is lost on account of an apparently very small leakage 
continuing through the whole twenty-four hours. It would 
astonish most people who see water merely dripping from a tap, 
or from a leaky pipe, to be told that the loss is very likely 3 to 4 
cubic feet in twenty-four hours, or fully the average consumption 
of water of one individual ! Yet, if a measuring glass be taken it 
will be found that from 2 to 3 ounces per minute of water may 
fall merely in the form of drops, and this ox)rresponds to a large 
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consumption in twenty-four hours for one person. It needs but a 
very small " dribble " to discharge 20 cubic feet of water in 
twenty-four hours, or, say, the quantity that ought to be con- 
sumed by an average household. 

Tliis matter of the great quantity 
of water that may be lost by a con- 
tinual leakage is well illustrated by Discharge. 
Mr. W. Hope, C.E. The annexed gsiiod. per hour 
diagram (Fig. 221) is taken from a 
paper of his on the subject of the 
waste of water,"^ and is described 
in his own words : — 

The diagram *^ shows a lead pipe 
drilled with various sized holes, the 
burr on the inside not being re- 
moved. The actual number of 
gallons per day which passed 
through each hole under a pressure 
of 45 lbs. per square inch is noted 
on the drawing, together with the 
corresponding number of persons 
that quantity would supply at the 
exceptionally high rate of 15 gallons 
per head per day." 

Some may not agree with Mr. 
Hope that 15 gallons [say 1\ cubic 
feet] per head per day is an '* ex- 
ceptionally high rate *' of consump- 
tion, even if the satisfactory results 
of the recent efforts to reduce con- 
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the flow of water through circukr 
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taken into consideration, but this 
does not make his illustration the 
less striking. 

This matter of the waste of 
water in houses is of much greater 

importance than that of waste from the mains of the waterworks. 
These mains are constructed by, and are under the supervision of, 

* " The Waste of Water in Public Supplies, and Its Prevention," bj William 
Hope, Assoc. Inst. C.E. Proceedings of InstittUum of Civil Engineers, vol. xc, 
session 1891-2, part iv. This interesting paper has been published in pamphlet 
form, and shoiild be read by all who are interested in the question of the preven- 
tion of waste of water. 

U 
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those whose evident interest it is to prevent leakage from them, 
and such leakage is kept within small limits without much 
difficulty. 

Means of Preventing Waste. — The means that have 
been adopted to keep the leakage from house fittings within 
limits may be put under three heads, leaving out of consideration 
the adoption of the intermittent system of supply, which is prac- 
tically now a thing of the past. With this system waterworks 
were more or less protected, inasmuch as water was not kept at 
pressure through the house system during the whole twenty-four 
hours, but was only turned on for a comparatively short time — 
often not more than an hour or two— during which time cisterns 
within each house were filled up. Not only was the house system 
under comparatively small pressure, but it was necessary for 
the householder to keep leakage within some limits, unless he 
wanted to find that all the water in his cistern, or cisterns, had 
leaked away, and that he was waterless till the supply was turned 
on again. When the constant system was first tried in England, 
it had to be discontinued, the leakage being found to be so enormous. 
To get to the classification, however : — 

(1) There is the system of enforcing the adoption of house 
fittings of a high class, and of many water- waste-preventing appli- 
ances, and the periodical inspection of the same. (2) There is 
the introduction of means, outside all houses, and entirely under 
the control of the officials of the waterworks, of finding out whether 
there is an excessive amount of leakage, or not ; and, if there 
is, of localizing it, after which steps can readily be taken to put an 
end to it, the means which are now nearly always used being what is 
known as the " district meter system." (3) There is the custom 
of actually selling water by meter — that is to say, of charging 
each householder a sum just in proportion to the quantity of water 
that he uses, exactly as is commonly done in the case of gas. 

Each of these means has resulted, under the direction of men 
of intelligence, in the reduction of leakage to such an extent that 
it may be said to have been abolished altogether in the most 
favourable cases, and there have been endless controversies as to 
which of the three systems is to be preferred. Before giving a 
brief resume of the opinions expressed on the subject by those who 
appear best able to judge, it will be well to describe the three 
systems in a few words. 

Enforced Adoption of particular House Fittings^ with periodic 
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col Inspection, — It is now common to enforce regulations to the 
effect that, in the case of new houses, none but fittings coming 
up to a certain standard may be used. Thus, for example, the 
materials that may be used for pipes, and the thicknesses that 
various diameters of pipes must have, are stipulated. Ball valves 
and taps may only be of such construction that their normal 
condition is that of water-tightness, instead of continual drip, 
as is the case with the common plug-tap of inferior make. Further 
than this, they are often so made that it is necessary to keep the 
hand on a knob, otherwise the flow of water immediately stops. 
Some valves are even so made, that they give out only a measured 
quantity of water when opened once, and have to be opened again 
to get more. 

In connection with water-closets, innumerable inventions have 
been made to prevent or minimise waste. The commonest of 
these is the *^ water- waste-preventing cistern." This is a small 
cistern — commonly holding 2 gallons, a quantity that, as has 
already been said, the writer considers too small — ^filled through a 
ball valve that allows water to flow into it only very slowly, and 
so arranged that on pulling a handle the whole of the water is 
rapidly discharged, whether the handle be pulled for an instant 
only, or be held till all the water has drained away. After this the 
cistern fills up again slowly, taking several minutes, and in the 
case of cisterns of good design it is impossible to get another 
discharge till they are full again. 

Various appliances have been designed to make it impossible 
to use more than a fixed quantity of water for each flushing of a 
closet, even when the supply is direct from high-pressure pipes, 
but the writer is not aware that any of them has been thoroughly 
successful. By the use of an appliance known as a '* regulator 
valve " it is possible to adjust the flush of a closet approximately 
to any particular quantity, but this quantity may be either large 
or small. 

A great deal has been done by so arranging overflow pipes, 
discharge pipes, etc., that if there is a constant leakage it is 
discoverable, or even conspicuous, from the outside. In cisterns, 
particularly, the improvement has been very great. With the old 
arrangement having the waste pipe of the cistern connected directly 
with the drain or a soil pipe, and with the old plug ball-cocks, 
whose chronic condition was that of leakage, an indefinite amount 
of water might be lost without attracting the attention of anyone. 
Indeed, it was greatly this leakage of water invisibly into drains 

R 2 
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that made the first attempts to introduce the constant high- 
pressure service system abortive. 

Cisterns are much less used now than they were before the 
constant-supply system became prevalent, but when they are used, 
the waste or overflow pipe is allowed to project through the outer 
wall of the house. If there is any leakage in the ball valve, 
allowing water to nm to waste, it makes itself conspicuous or 
even inconvenient, and is likely to be attended to at once. 

The discharge pipes of sinks, baths, fixed basins, &c., cannot be 
made quite so conspicuous as the " warning pipes " just mentioned, 
but it is now the universal custom to allow them to discharge over 
or into trapped gullies in the open air ; and therefore a constant 
loss by way of one of them, such as will occur if a valve is leaky, 
is at any rate much more likely to be noticed than it was when 
the custom prevailed of connecting the discharge pipes of these 
appliances with drains or soil pipes. 

When the constant service system is carried out completely, 
water-closets are supplied through water- waste-preventing cisterns, 
such as those described above, or through some other arrangement 
that makes it impossible that gas from the closets can be drawn 
into the pipes, even if the latter have to be emptied for repairing 
or for any other reason, and all other appliances are supplied 
directly by service pipes from the mains. In such a case it is 
evident that a burst pipe is liable to lead to very considerable loss 
by leakage. The commonest cause of burst pipes is the freezing 
of water in them. Water expands about 10 per cent, when it 
freezes, and a closed vessel that held the water cannot hold 
the whole of the ice without bursting, unless it has very 
elastic sides. Neither iron nor lead pipes can resist this bursting 
action.* 

Care should be taken to so arrange pipes that they shall be 
well protected from frost. This is very easy in a country such as 
England, where the winters are mild. In countries with very 
severe climates, such as some of the Northern States of America, 
it is very difficult to prevent pipes from freezing, and it is a 
custom to allow water to flow through them continually, and to 
run to waste, to prevent freezing. Water passing in the form of 

* It shoTild be unnecessary to point out here that the old idea, that it is the 
thaw that bursts the pipes, is erroneous. It is only when the ice in them thaws 
that the water can escape, and, as the slight crack in a pipe burst by the freezing 
of the water in it nearly always escapes detection, it is only when the thaw comes 
that the water escapes, and a householder becomes aware that his pipes have burst. 
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a current of even a comparatively moderate velocity through 
a pipe freezes at only a very low temperature. 

Another cause of the bursting of pipes is the use of valves that 
shut suddenly. The concussion or " ram " that these result in is 
sometimes sufficient to burst pipes. Valves of this type should, 
therefore, be avoided where the working pressure is already 
considerable. 

It will be at once evident that there is a great advantage in 
having a valve on the service pipe within the house, capable of 
closing off the whole water system of the house from the main, in 
a conspicuous and accessible place, so that the water may be shut 
off in a moment if a pipe bursts. 

It is common, especially in some parts of England, to have 
something which very closely approaches the constant system, 
but has not the whole of its advantages, inasmuch as water is 
not drawn directly from the main. Instead of the numerous 
large and often nearly inaccessible cisterns that used to be 
customary, there are only two, and these of moderate size, placed in 
the attic. One is to supply water-closets, the other all other 
appliances in the house. The supply is constant, or only shut off 
occasionally for short intervals of time. Where the pressure in 
the mains is great such a system is likely to save leakage, because 
the pressure from the cisterns is less than that from the main 
would be. Moreover, it is possible to do something to prevent 
excessive waste by fixing a diaphragm with a small aperture in 
the rising main, or otherwise constricting the flow to one that will 
be more than sufficient to supply all the wants of the house during 
the twenty-four hours, but will not allow of reckless waste. The 
cistern must be large in this case, enough to provide the consider- 
able quantity of water that has sometimes to be drawn within a 
short space of time — as, for example, in filling a bath. 

On the whole, improvement in the construction and workman- 
ship of fittings, and the adoption of a superior style of plumbing 
carried out under careful supervision, has probably done more to 
prevent the waste of water, or at any rate, to make its prevention 
possible, than anything else. 

It is not sufficient to make regulations that all fittings within 
houses must be up to a certain standard. It is necessary, further, 
to ascertain by inspection that they are so, and that they refrtwin 
so. For these reasons an essential part of any system of water 
supply, in which there is no means outside the houses of 
discovering leakage or waste, is the establishment of '* house-to- 



246 THE WATER SUPPLY OF TOWNS, 

house inspection." This is generally what is considered the most 
objectionable part of the system. Leaving on one side the cant 
about " every Englishman's house being his castle," it is at times 
inconvenient to have the inspector poking his nose into all parts of 
the premises ; but what is of much more serious consideration than 
this is the fact that it is not always at all easy to discover 
leakages, and that it would need a perfect army of inspectors to do 
their work properly in a large town. It needs one man to every 
four or five thousand houses to make the necessary inspection very 
inefficiently, and this is about the number commonly employed. 
It would need many times more to make a really efficient inspection. 

Detection of Leaking from the Outsides of Houses. — It is 
always, or nearly always, the case that means exist in connec- 
tion with waterworks of recording, not only the total quantity 
of water that has been supplied during any day, but the rate at 
which it has been supplied at different times during the twenty- 
four hours. Where the water is pumped, the number of strokes 
that the pump makes during the twenty-four hours is a measure of 
the total quantity of the water that has been pumped, and, if the 
pumps are kept in good condition, should be a very fairly accurate 
one. When, however, as is common, the engines pump steadily 
into a reservoir, no idea is given of variation in consumption 
during the twenty-four hours. In the case of pumping into mains 
direct, it would be very easy to fit the engines with a recording 
instrument that would record not only the total number of revo- 
lutions made in any certain length of time, but that would record 
the rate of pumping during all times of the twenty-four hours, and 
this would constitute as good a system of keeping a check on the 
varying consumption as any other. 

In the case of gravity systems, where the water is supplied 
direct from the source without the intervention of a service 
reservoir, and in all cases where water is supplied from a service 
reservoir, the water should be measured as: it leaves the impounding 
reservoir, the intake, or the service reservoir. 

When the water has not to be measured under pressure, but 
may be allowed to flow for some distance through an open channel, 
it is a comparatively easy matter to gauge it. This may be done 
simply by a notch board such as is illustrated and described at 
pages 25, 26. It will suggest itself to any engineer how apparatus 
could be designed to keep an automatic record of the height of 
water over the notch. 

The following description of a very ingenious arrangement for 
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measuring water in the open is taken from a paper on the 
Construction of the Yokohama Waterworks, by John Henry 
Tudsbery Turner, B.Sc, Assoc. M.I.C.E.^ :— " The gauge through 
which the water passes from the depositing tank to the basin is 
a submerged vertical rectangular orifice 2 feet long by 6 inches 
high, with squared brass lips \ inch thick placed 2 feet 6 inches 
below the surface of the tank. The head of water above the 
orifice is measured by an automatic apparatus, consisting of two 
copper floats immersed in the water at the upper and lower sides 
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Fig. 222. — Arrangement of pulleys in water meter. 



of the orifice respectively, which actuate a differential recorder 
and an integrator fixed in a gauge-house at the side of the tank. 
The discharge through the orifice is dependent on the head due 
to the difference of water-level on the upper and lower sides of the 
gauge, which difference is recorded by means of the floats. 

'* The relative motion of the floats is reduced to one-third for 
the differential recorder, which is of the revolving disc form.t 

*^ The arrangement of pulleys by which the recording pencil is 
actuated solely by the relative water-levels on the two sides of the 
orifice, without reference to the actual water-levels, is shown in 
Fig. 222. The diameters of the double pulley a, which turns 

* Proceedings of Institution of Civil Engineers, vol. c, page 277. 
t See note 21, Appendix II. 
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on a fixed axle, are 4 to 1 ; those of the double pulley, b, which 
turns on an axle suspended from a, are 3 to 1 ; o and n are fixed 
guiding pulleys ; w is a weight hung on the end of the continuous 
cord from the upper float round c and a. 

" The discharge through the orifice under the actual conditions 
of working was ascertained by experiment, and found to be very 
accurately expressed by the formula 

Q = 2,000 Jh. 

Where Q denotes gallons discharged per minute, and h denotes the head of water 
in feet, namely, the difference in level between the surface of water on the inlet and 
outlet sides of the gauge. 

When the water has to be measured under pressure, the 
measurement must be done by means of one or more meters, of 
the kind to be described hereafter. On page 63 is shown 
diagrammatically a set of three meters, any two of which are capable 
of measuring the maximum quantity of water that passes. 

Of course the total amount of water used in twenty-four hours 
may be such as to indicate that there is waste, but a knowledge 
of the rate of consumption during the different times of the 
twenty-four hours is a much surer indication of the existence of 
waste. The reason is that, except in the case of certain manu- 
facturing towns, the actual consumption falls to something very 
nearly zero, at some hour between midnight and the time that 
people begin to rise in the morning. In the case of manufacturing 
towns it is nearly always possible to estimate with fair accuracy 
the consumption that goes on even in the small hours of the 
morning. At some time during the early morning, the actual 
consumption will fall in ordinary cases to a very small fraction 
only of the average consumption. In fact, in the case of small 
towns, it will certainly fall, at least for short intervals of time, to 
zero. Tn the case of the manufacturing towns that we have been 
considering, it will fall to only a very little over the quantity 
constantly used, and, as already stated, is capable of at least 
approximate estimation. In either case, any great excess may be 
put down to waste, due either to leakage, or the leaving of taps, ifec, 
running. It is now merely a question of localizing this leakage. 

District Meter System. — The system known under this title 
has proved most useful in facilitating the location of waste, 
particularly by leakage. In this system the town is divided into 
a number of districts, and the water is admitted into each through 
a certain kind of meter. The meter most commonly used for 
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this purpose is a meter that keeps a record of the rate of con- 
sumption of water during all parts of the times of the twenty- 
four hours, in contradistinction to a meter that records the 




Fig. 223.— Mr. G. F. Deacon's " District " water meter. 



quantity consumed in any particular period of time — that is to say 
an integrating meter. Meters originally designed for the lattei 
kind of work have, however, been adapted to district meter work 
and it is claimed for them that they have the advantage that, 
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besides the rate, it is always easy to read from them the total 
quantity of water that has been consumed in any particular length 
of time, whereas it is somewhat difficult with the differentiating 
form of meter. 

To Mr. G. F. Deacon, M.I.C.E., we are indebted for the 
inception of the general idea of the district meter system, and also 
for the perfecting of a meter that is so simple and so efficient for 
the purpose for which it is designed, that it seems difficult to 
imagine a better.* An illustration of this meter is given on the 
preceding page (Fig, 223). 

The flow of water from a, by b, c, d to a is indicated by the 
arrows. It may be stated that the only practical difficulty that 
was met with in designing the meter was that of obviating the 
disturbing eftects of the " swirling " of the water. In the form 
of meter shown, this difficulty has been entirely overcome, partly 
by a series of veins at b, c. 

The disc e tends to fall by gravity, in spite of the counter- 
weight G, the use of which Js to keep the flexible wire f, j, h 
taut. If there is no flow of water, the disc falls down to c, c ; 
but if water passes, the disc is forced upwards, and the greater 
the quantity that passes, the higher rises the disc, and the lower 
falls the weight g carrying with it the pencil k. The intervals 
corresponding to given increments of discharge — say 100 cubic 
feet per hour — are discovered by experiment, and paper, made to 
fit on the drum l, is ruled longitudinally at these intervals. The 
drum is carried round by a clock n, and the pencil draws a curve, 
in which the ordinates are rate of consumption of water, and 
the abscissae intervals of time. This will be made clear by 
reference to the diagrams (Figs. 224 — 231) in Plates XLII. and 
XLIII., which are reproduced from a paper on '* The Constant 
Supply and Waste of Water," read before the Society of Arts, 
May 17th, 1882, by Geo. F. Deacon, M.I.C.E.t 

The description of the method of actually working the district 
meter system will be best given in Mr. Deacon's own words : — 

" I will now explain the modes in which the waste- water meter 
system is employed in practice, and in doing so I will take as an 
example the case of a town containing 100,000 persons. The 
number of waste-water meter districts into which such a town 
co\dd be conveniently divided would depend entirely upon the 
arrangement of the water mains, but it would probably be fifty or 

* See note 22, Appendix II. 

t Journal of the Society of Arts, May 19, 1882. 
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sixty. Upon the main supplying each such district, a waste- 
water meter is placed in such a manner that the whole of the 
j water supplying that district passes through the meter. If in 

! such a town, any system of inspection whatever has been adopted, 

there are probably not less than three inspectors. If they are 
fairly intelligent men, they may be retained, and no more will be 
required. 
^ *' Having fixed the meters and outside stopcocks upon the 

house-service pipes, if such stopcocks do not already exist, all 
ordinary systems of inspection are at once set aside. One inspector 
fixes blank diagrams at the rate of about thirty a day, and brings 
to the office as many diagrams from meters upon which they may 
have been placed from one to seven days before. Examples of such 
diagrams are shown by the faint lines in Figs. 224, 225,and 226. The 
diagrams shown by darker lines were taken from the same districts 
when much of the waste had been prevented. In a few days from 
the commencement of the work, the manager has before him the 
whole sixty diagrams, with the waste per hour visible at a glance, and 
with the waste in gallons per head, entered by the inspector or a 
clerk on the diagram, in the space left for the purpose, as shown in 
Fig. 227. He finds, probably to his surprise, that out of the sixty 
districts the diagrams show that in ten the waste per head is five 
times as great as in ten others, and that without any reason by 
which any divergence might have been anticipated. As a matter 
of fact, the divergence in the rate of waste per head, even in 
adjoining districts, of which the history is the same, and of which 
the external conditions are similar, is often greater than five to one. 
'* Instead of wasting the energy of his men upon all the 
districts in rotation, the manager now concentrates his attention 
upon the most wasteful ten ; and with the worst of these he pro- 
bably begins his work. Two inspectors receive orders at night to 
visit that district, and, in order that they may confine themselves 
to the right blocks of houses, and omit none, they are provided — in 
Liverpool, at least — with a small plan of the district, showing the 
houses supplied through the meter in question. Having reached 
the district between 11 and 12 o'clock p.m., one of two methods is 
adopted. 

" By the first and most general method, the stopcocks are 
sounded in rotation, by using the ordinary stopcock turning-key as 
a stethoscope, and any stopcock through which water is heard to 
be running is shut off*, the time and number being noted by the 
inspector. The shutting off* and time of shutting off are simul- 



252 THE WATER SUPPLY OF TOWNS, 

taneously recorded by the meter on the main, to which the 
inspectors have no access. On the pavement, above each stopcock 
so closed, the inspector marks a cross in chalk. If, after closing a 
stopcock, the sound continues, it is obviously caused by waste from 
the main, or between the stopcock and the main. It is then 
generally heard at several stopcocks, and by its relative loudness 
at each, an approximation is made to its position. The footway 
and the carriageway pavements are then sounded, until a spot of 
maximum noise is found. Here, again, a chalk mark is left, which 
rarely fails to show the position of a burst pipe or ferrule to the 
day inspector, who, with his labourer, visits the district on the 
following day. At the end of two to four hours the round of the 
whole district has been made, and the inspectors find themslves 
again not far from the meter. They next close the main- stop valve 
near the meter, and leave it closed for a minute or two. Commen- 
cing with this valve, they then reopen all the closed stopcocks, which 
are readily seen by the chalk marks, and return to the night office, 
where each inspector writes in copying ink on the left-hand side of 
a book the particulars of his inspection. By the second method — 
rarely necessary except when waste has already been very much 
reduced — the whole of the stopcocks are at first shut off without 
sounding. On the return journey, they are opened one by one, and 
sounded ; the result is obviously to magnify the sound resulting 
from small leaks, supplied by cisterns with ball-taps. 

" At 9 o'clock on the same morning the day inspector receives 
a press copy of the night inspector's reports. He visits those 
premises, and those only, in or under which waste is reported to be 
actually taking place, and the work of many days' inefficient house- 
to-house inspection is efficiently performed in one. He generally 
on the same evening writes in red ink, opposite the night 
inspector's report, the results of his examination. He also issues 
the necessary notices for repairs or renewals. 

** On the same day, the manager or his clerk receives and 
records the meter diagram from the district in question. Such 
diagrams, taken after night inspections, are of the kind shown by 
faint lines on Figs. 228 and 229. He sees by the diagram the time 
during which the night inspectors were continuously engaged, and 
he sees the exact amount of useful work performed in that time. 
It would not be possible, even if the inspectors had access to the 
meter, to elude this knowledge. He sees, moreover, the total 
quantity of waste detected, and one month hence he will see by 
another diagram the result of the day inspector's efforts to stop it. 
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" It is readily seen that the secret of the success of this system, 
as compared with that of house-to-house inspection, is due to the 
facts — 1st, — that the inspectors are always working in the most 
wasteful districts ; 2nd, — that the time occupied in inspection is 
greatly reduced ; 3rd, — ^that the hidden as well as the super- 
ficial waste is detected. 

" That the inspectors are always working in the most wasteful 
districts has already been shown. That the time occupied in in- 
spection is greatly reduced may be shown as follows : — 

*' Under the ordinary system of house to-house visitation, one 
man, in one day, can inspect on the average the dwellings of about 
180 persons. Under the waste- water meter system, the wages 
paid to him frequently suffice for the thorough inspection of the 
premises occupied by more than 1,000 persons. 

" That the invisible as well as the visible waste is detected, 
has already been explained. This invisible waste frequently exceeds, 
on the average, one-half the whole waste, and where a thorough 
house-to-house inspection, occupying a given number of men a given 
time, and detecting a given quantity of waste, is followed by an 
inspection under the waste-water meter system, it is generally 
found that the same number of men suffice to detect two or three 
times the volume of waste in one-fifth the time. When in con- 
junction with this fact we take the additional advantage to the 
latter system of having the inspectors always engaged in the 
most wasteful districts, its relatively high efficiency is sufficiently 
obvious. 

^* Whatever results have been obtained by any other method 
could have been brought about by the method I advocate much 
more cheaply, both to the water authority and to the householder, 
and with far less trouble and annoyance to all concerned. This 
system has been applied within the last mne years to districts 
containing more than 1,500,000 persons.* 

" The mode of preventing waste when detected is not affected 
by the manner of its detection. It will be agreed on all hands, 
that when it is decided to replace a fitting or pipe, that fitting or 
pipe should, like those to be used in new premises, be of the best 
possible kind, and should be fixed and adjusted in the best possible 
manner. A description of the fittings that have stood the test of 
time and experience would increase this paper to double its length. 

* Since 1882, when Mr. Deacon's paper, from which the above is quoted, was 
read, the system has been applied to districts containing many times the number of 
persons here indicated. 
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I can, therefore, merely state that the soundness and efficiency of 
water fittings can only be determined by taking each to pieces, 
examining each part in detail, and finally testing the whole under 
pressure. Such an inquisition finds defects in a certain proportion 
of the fittings made by firms even of the highest and most deserved 
repute. It has been adopted in Liverpool wdth marked success. 

" The fittings there used are such as encourage, rather than 
discourage, the proper use, while restricting the waste of water. 
No pea ferrules or other obstruction to the flow of water are per- 
mitted; no taps in which the duration of flow is limited are 
required, except for out-door stand pipes ; and water-closets are 
not allowed to have new cisterns providing a flush of less than 
two gallons. 

" The respectable local plumbers have been invited to sign an 
agreement to conform to the water regulations issued by the Cor- 
poration. The incentive to them to do so is the advertisement of 
their names on the backs of the waste-water notices. A plumber's 
name may at any time be erased if he fails to comply. In prac- 
tice it is found that work is rarely performed except by men whose 
names appear in the list, and there is, therefore, no sale except for 
fittings tested and stamped by the proper officer of the Corpora- 
tion." 

There is some difficulty in working out the district meter 
system just described in cases where the *' interlacing " system of 
distribution mains is adopted. It is quite possible, however, by a 
little ingenuity to get over this difficulty. It will have been 
observed that the district meter is really not brought into opera- 
tion to measure A\'ater, except during the night, or at any rate 
need not be brought into operation. Where the " interlacing " 
system of distribution mains is adopted, it is not possible to divide 
a town into districts each of which is supplied by one inlet only. 
This has been fully explained in Chapter XVIII. As, however, 
it is necessary to take readings by the district meter during the 
night only, there is no objection to closing all the inlets but one to 
any particular district. At the inlet allowed to remain open 
there is a district meter. The only objection there can be 
to this arrangement is that, in the case of a fire in the district 
being " metered," there might be delay in opening the sluice 
valves that had been closed to isolate the district, with the 
eSfect that the water supplied to extinguish the fire would be 
only at the rate that could be obtained with a dead-end 
system. 
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Sale of Water hy Meter. — In this system the water used in 
every house is charged for at a uniform rate just as gas is, the 
price being, as a rule, from a few pence per thousand gallons 
upwards. 

At first sight it might appear that there is httle difference 
between this system and the district meter system— at any rate 
so far as the results are concerned. There is, however, a great 
difference. If the district meter system be properly carried out, 
leakage can be detected and stopped, but every inhabitant of the 
town is free to mistise water to any extent that he likes, and there 
are always many who use water extravagantly if there is no 
check on them. With the domestic meter system every house- 
holder has to pay for all water either used or misused in his house, 
and he naturally inclines to do all that he can to prevent the 
misuse. 

The sale of water by meter has been customary for long in the 
case of factories or other establishments that use a disproportion- 
ately large quantity of water, and at first sight it might seem the 
simplest thing possible to apply the system to every house in a 
town, and that there are very decided advantages in so doing ; 
but the matter is not so simple as it may at first appear, and there 
are some doubts as to its advantage. Those who are opposed to 
the sale of water by meter argue that the custom leads not only 
to a great reduction of the misuse of water, but is liable to 
lead people to stint themselves in the legitimate use of water, 
especially by the poorer people, who need particularly to be 
encouraged in the legitimate use of water, as it is with them that 
epidemics most commonly break out. To this the advocates of 
the complete domestic meter system reply that experience has 
proved that there is no harmful stinting in the use of water when 
people have to pay for it as for gas; that statistics point to a 
diminution of diseases commonly attributed to insanitary con- 
ditions where the sale of water by meter has been introduced. 
It is not to be argued from this that the diminution in the 
use of water arising from the introduction of the domestic 
system actually results in an improvement of the health of the 
people, but merely that it does not check the improvement pro- 
ceeding on account of decided improvements in the general 
sanitary condition of a town. 

A great and very palpable difficulty in the way of adopting 
the domestic meter system lies in the first cost. In some Con- 
tinental cities where the average number of people to one house 



2S6 THE WATER SUPPLY OF TOWNS, 

is very large — a notable case will be mentioned farther on — the 
first cost of meters may not be very great ; but where, as in 
ordinary cases, there is one house to every six to eight people, the 
first cost of providing meters bears a very large proportion to the 
whole first cost of waterworks. It may increase the total cost of 
the works by 50 per cent. In a recent discussion on the meter 
system, it was stated that in a certain instance where it was 
tried the saving of water did not cover the interest on the first 
cost of meters, together with wear and tear and depreciation. 

Then comes one more difficulty, which is that, in spite of all 
the ingenuity that has been spent on the matter — and it is very 
great — it can barely be said that a perfect meter has yet been 
invented — that is to say, there is no meter that has not some 
objectionable features, at least when used in certain cases. If we 
are to take the word of water-meter makers themselves, there is 
no meter approaching perfection. Each maker condemns the 
productions of every firm but his own, without stint, generally 
giving figures in support of his statements I 

It would appear, at first sight, a very much simpler thing to 
design a meter to measure water, at a comparatively high pressure, 
than to measure so very light a fluid as coal gas, under a pressure 
corresponding to an inch or two of water, but it has not proved so. 

Meters may be classified as positive and inferential. In a 
positive meter some vessel of know^n capacity, generally a cylinder, 
is filled and emptied as the water passes, and a record is kept of 
the filling and emptying. A positive meter is, in fact, a water- 
motor, w^ith a counter to keep a record of the number of strokes 
or revolutions. In an inferential meter a vane, or fan, is caused 
to revolve by the velocity of flow of water. An inferential meter 
may be said to be the converse of a screw-propeller, with a 
counter to keep a record of the revolutions. It is, in fact, a kind 
of turbine. 

Positive meters of the best designs are very exact in their 
measurements, whether the rate of flow be small or large. They 
are, however, of comparatively large size, are expensive, and some 
of them — some positive meters, not some of the best of them — 
have the effect of putting considerable " back pressure " on the 
water, that is to say, of reducing the pressure to a very 
appreciable extent, and even in some cases of sticking altogether, 
when the flow of water is completely stopped. 

Inferential meters of the best designs will measure water with 
all the degree of exactness that is necessary so long as the flow of 
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water is not very small. (I say all the exactness that is necessary, 
because it seems to me that it is absurd, when the only alternative 
is no measurement whatever, to insist on extreme accuracy in the 
registration of water meters. If the registration is within 5, or 
even 10, per cent, of the actual consumption it is near enough.) 

The trouble with inferential meters is that there is always 
some small flow of water with which, or with anything less, the 
meter registers nothing whatever ; and that, with ti^ows not greatly 
more than those that will just bring the meter into operation, the 
measurement is very inaccurate, the flow indicated being always 
less than the actual flow. 

Inferential meters can be made to measure, with aU the 
accuracy that is necessary, the flow of water through a domestic 
tap of even small size. It is therefore possible, by the use of 
inferential meters, to measure all the water actually used, provided 
the constant supply system be adopted in its integrity, without 
any cisterns at all in houses, all water being drawn from the 
service pipes direct, through taps of such design that it is not 
easy to let them "dribble." A slight continual leakage — really 
wasting a large quantity of water — may, however, continue 
undetected by an inferential meter. There is also the difficulty 
with them that they will not register all the flow of water into 
cisterns. If only a moderate quantity of water is drawn from a 
cistern, the ball- valve falls but a very short distance, and the 
cistern is filled up merely by a dribble of water. Indeed, 
however much water is drawn off, the last part of the operation of 
filling up the cistern is by a dribble. Several arrangements have 
been worked out whereby, in the case of a cistern, the ballcock 
does not act till the water in the cistern is considerably lowered, 
when it suddenly opens *^ full bore," and discharges full bore till 
the cistern is filled up again. The writer is not, however, aware that 
these appliances have anywhere been extensively adopted. They 
all have the objection of reducing th^ useful storage capacity of a 
cistern, without of necessity reducing the average length of time 
that water stagnates in it, and if there is any apology for the 
storage of water in cisterns in houses, when the constant system 
is adopted, it is that it provides a certain storage of water that 
may be useful at the time of an emergency. 

Inferential meters are generally compact in form and of 
comparatively low cost, and they do not put any appreciable back 
pressure on the water unless they are worked beyond their 
capacity. In this connection it must, however, be observed that 

s 
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some makei's of meters advertise their sizes as capable of measuring 
quantities of water that they are not capable of measuring without 
considerably reducing the pressure. This is done to make their 

prices compare favourably 
wdth those of other makers 
who are more scrupulous. 

Kennedy's patent water 
meter, which is illustrated 
in section here (Fig. 232), 
may be taken as typical of 
positive meters. It will be 
seen that it consists essen- 
tially of a cyHnder and 
piston. The piston is actuated 
by the water, and there is a 
train of wheels, with dials 
and pointers, that keep a 
record of the number of 
strokes made, exactly as in 
the case of an engine counter. 
The number of single strokes, 
multiplied by the capacity 
of the cylinder, less the 
clearance, and the cubic 
capacity of the piston is, of 
course, the consumption of 
water in any given time. 

The first, or one of the 
first inventors of inferential 
meters were Messrs. Siemens 
and Halske, whose meter in 
its most recent form is illus- 
trated by Figs. 233 and 234. 
The arrows show the direc- 
tion in which the water flows. 
The openings b, b, are tan- 
gential, and the water flow- 
ing through them causes the 
vanes to revolve with a 
velocity that ought to be proportionate to the discharge of water, 
that is so to all intents and purposes for any but very small dis- 
charges. The vanes actuate the spindle c, and this, in its turn, 




Fig. 232. — Kennedy's patent water meter. 
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actuates the train of wheels at d, which again actuate pointers, 
indicating on a dial the amount of water that has passed the 





Figs. 233, 234. — Siemens and Halske's patent water meter. 

meter in a given length of time. When it is taken into con- 
sideration that the drawings are two-fifths of full size, it will be 
seen how very compact this meter is.^ 

* The writer wishes it to be distinctly understood that he does not recommend 
the meters he has illustrated and briefly described to the exclusion of others. He 
has selected these two as typical, and because he believes that each was, of its 
kind, the first in the field. 

3 2 
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Many are the suggestions that have been made as to the means 
of doing away with the difficulties attending the appUcation of the 
domestic meter system, and the objections that have been advanced 
against it. Thus, in connection with the statement that seUing 
water by meter is likely to lead to a stinting in its legitimate 
use, it has been suggested that any quantity of water not 
exceeding that considered essential to health should be sold for 
the use of all inhabitants at a comparatively low rate, all used in 
excess of this at a higher rate. This suggestion seems a very 
reasonable one. 

Again, in connection with the high first cost of meters, it has 
been suggested that municipalities or companies supplying water 
should obtain power to supply water by meter, and charge for it 
in proportion to the quantity used, but should not " meter " a 
whole town, but take advantage of the privilege of selling the 
water by meter only in those cases where it is suspected, or 
ascertained, that the consumption is much above the average. 
Certainly it would be a check on the extravagant consumption of 
water, if all consumers knew that, if they were extravagant with 
the water, they were liable to have a meter clapped on, and to be 
charged according to their consumption at a pretty stifi* rate. 

The gradual introduction of the domestic meter system in 
Berlin, from 1865 to 1885, with the most marked success, gave a 
great stimulus to the sale of water in measured quantities.^' It is 
not, however, to be concluded that, because the system has been 
so successful in the case of Berlin, it will of necessity be successful 
in all other cases. There are certain circumstances that make the 
system particularly applicable in the case of Berlin, the principal 
of these being the fact of the existence of the " flat " system of 
residence. Families, with their servants, do not, as a rule, live in 
separate houses, but live each on a flat, or part of a flat, of a large 
house. The consequence is that there is an average of very nearly 
seventy people to each house. This means that there are about 
ten times as many as is usual, and as only one-tenth part the 
number of meters are necessary, the first cost is not much more 
than one-tenth what it would be in most cases. 

Whatever may be said on one side or the other, the fact 

♦ See "The Sale of Water by Meter in Berlin," by Henry Gill, M.I.C.E., 
Proceedings of Institution of Civil Engineers^ vol. cvii. Figs. 233 and 234 are taken 
from this paper, which, with the discussion and correspondence printed with it, 
affords the fullest information that is, at the time of writing, to be had on this 
much disputed question of the sale of water by meter, or in accordance with some 
empirical standard. 
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remains that the general adoption of the sale of water by domestic 
meters has greatly increased on the Continent of Europe dm*ing 
the last few years. To judge by the advertisements in technical 
periodicals, the use is increasing rapidly in America too. Domestic 
meters appear to have found less favour in England than in most 
other countries. 

There are certain circumstances that point to the adoption of 
the domestic meter system in particular cases. One is that 
already indicated, that is to say the residence, on an average, of an 
unusually large number of people in each house. 

Again when, on account of the great first cost of waterworks, 
or the high cost of working, it is necessary to collect, in one way 
or another, a comparatively large sum per head of population — in 
other words, if the water is unusually dear — it is evident that the 
meter system is more applicable than where water is cheap. 

There are cases in which the general adoption of the domestic 
meter system is clearly advisable. Thus let us suppose the 
case of a town with a limited supply of water, the consumption 
increasing partly on account of increase of population, but un- 
doubtedly also partly on account of the extravagant use, or the 
misuse, of water, not to mention leakage; and let us further 
suppose that the price of increasing the supply would be greatly 
more than the price of ^' metering " the town — or that, perhaps, it 
is prohibitive altogether : there can be no doubt that the general 
introduction of domestic meters would be the best step to take. 
The reason is that, by this means, the consumption can be reduced 
to a lower point than by any other means. 



CHAPTER XXII. 

Various Appliances used in Connection with Waterworks. 

Ma.\v of the most important appliances used in connection 
with MaterAvorks — such as fire-hydrants, meters, and the like — 
\vdvv ah'oady been incidentally described at sufficient length, but 
there arc others which have merely been mentioned or have not 
been mentioned at all. It seems necessary to give some descrip- 
tion uf the most important of them here. 

Sluice Valves. — If number and first cost be a criterion, 
sluice valves — or, as they are commonly called in America, 
*^gatas" — must be considered as the most important subsidiary 
app]i?inii^ that is used in connection with waterw^orks, except where 
tlie (luuiLstic meter system is introduced for all the houses, when 
the meters have the honourable position of being first in the 
matter of number and cost. The necessary number of sluice 
valves is i)articularly great where the interlacing system is 
adopted. 

The general object in the use of sluice valves has been pretty 
fu]ly described in the chapter on " Distribution Systems," and 
jirac^tiee has resulted in the evolution of a form of sluice valve 
that is not much departed from by different designers or makers. 

As long as a sluice valve fulfils certain conditions it is suited to 
its purpose. Thus it must not, when open, obstruct the flow 
of water in any w^ay. This involves that, when ojien, it should 
leave a el ear way of tlie full area of the pipe. Not only this, but 
sljarp bends should be avoided, although the ill effects of these 
have, the writer thinks, been over-estimated. This puts the screw- 
down t?tt>p-valve type out of the question, and the type now 
universally adopted is the true sluice valve, in which a gate across 
tlie full liore of the water closes the valve, the gate being com- 
pletely withdrawn from the bore of the pipe into a recess on 
t»])ening the valve. 
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Sluice valves should be perfectly water-tight when they are 
closed, and, moreover, should not be liable to *' stick " if left for 
ian indefinite length of time either open or closed. This involves 
the necessity of having at least one of every two parts that rub 
of brass or gun metal. That is to say, all rubbing parts must 
either be "brass to brass," or *^ brass to iron." "Iron to iron" 
IS not permissible, as the result would probably be fast sticking 
through rusting up. The valve faces, and the seats on which these 
bear, should both be of gun-metal. The spindle also should be of 
gun-metal, although it is sometimes made of iron. In either case 
it should work in gun-metal bushes or liners. 

Figs. 235 and 236 (Plate XLIV.) illustrate a good type of sluice 
valve. 

There is often much difficulty in opening very large sluice 





Figs. 237, 238. — Gear for opening sluice valves. 



valves, entirely apart from any actual " sticking." This is especially 
so where the pressure is high, the friction caused by this pressure 
on the back of the slide being such that the force needed to open 
the valve, to such an extent that the difference of pressure on the 
two sides of the slide is nearly equaUzed, is very great. 

Several arrangements have been devised for getting over this 
difficulty. In one of the neatest, a comparatively small slide works 
on the back of the large slide : the diameter of the small slide may, 
for example, be only one-third that of the pipe. The action is as 
follows : — On screwing the valve spindle to the right — in the direc- 
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tion of the hands of a watch — the first efiect is to open the small 
valve. Water flows through the aperture thus made with great 
velocity, not more than a few pounds of head at the most being, 
however, needed to produce this velocity. This few pounds of 
difierence in pressure between the one side and the other of the 
great valve is not sufficient to cause much friction, and the efffect 
of continuing to turn the spindle is to open the great valve. 

Somewhat less neat, but nearly as effective, is the plan of 
having a by-pass with sluice valve, say one-third the diameter of 

the great valve. The small 
sluice valve is opened first, the 
great one afterwards. 

An arrangement that is 
more common than either of 
these is to apply the force 
necessary to open the great 
valve through certain gearing, 
giving a man enough purchase 
to move it in spite of the pres- 
sure on the back. Such gear 
is illustrated in Figs. 237 and 
238. Unless the water pressure 
is inconsiderable, such gear as 
this is advisable for all sizes of 
sluice valves above about 2 feet 
in diameter. For extraordi- 
narily large valves, or even for such as are not extraordinarily 
large but have to work with an unusually high pressure, even 
more powerful gearing than that illustrated may be needed. 

Air Valves. — At any place where a pipe rises over any 
eminence, however slight, air is liable to accumulate, and to inter- 
fere seriously with the ffow of water. It is customary, especially 
on long lengths of pipe where such eminences occur, to fix an 
air valve — a simple automatic device whereby any air accumulating 
is allowed to escape. 

All air valves are on the same principle. One which is 
illustrated here (Fig. 239) barely needs description. It will be seen 
that the whole arrangement consists of a ball in a cast-iron casing. 
The ball is made of some material lighter than water, and ffoats (as 
shown in dotted lines) as long as there is no air in the pipe, bear- 
ing against a rubber sheet or ring above it, and closing a small 



Fig. 239. — Air valve for waterpipe. 
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hole that can barely be seen in the cut. If any air accumulates in 
the pipe, it rises to the highest place to which it can get access — 
that is to say, to the casing holding the ball. The ball has now no 
longer any support and falls, for the area of the hole is so small 






Figs. 240, 241, 242. — Spring and sci-ew-down safety valve. Scale, IJ in. to 1 ft. 



that the pressure of the air will not sustain the ball. When the 
ball falls, the air is forced through the small hole till the water 
rises again and once more floats the ball and closes the opening. 

Safety Valves. — '^ Ramming," as a danger in connection with 
the flow of water in pipes, has already been mentioned (p. 225). 
It is particularly likely to show itself in the case of long pipes, with 
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water running at any high velocity, if there is a reduction at all 
sudden in the velocity. As a safeguard against accidents by 
ramming, it is advisable to fix a safety valve at the lower end 
of any pipe where it is expected that the evil results of ramming 
may show themselves. 

It is to be observed that a '' dead- weight " safety valve is 
objectionable, as the inertia of the dead weight may allow of 
just as severe ramming as if there were no safety ^'alve at all. 
There is not the same objection to a spring, and springs witli 
screw-down arrangements are often used (Figs. 240, 241, 242). 

Some, however, like the idea of the " posi- 
tiveness " of a weight, and it is possible to 
get the advantages of both a spring and a 
weight, by compiessing the spring wdtli the 
weight. In case of ramming, the spring is 
first compressed, then raises the weight. 
(Such a valve is illustrated in Fig. 243.) 
A safety valve to be of real service 
must be of large size, and there is the 
difficulty, with a valve of the form shown, 
that, especially in the case of pressures at 
all high, the sj)rings must be very strong. 

Fig. 243 shows a large safety valve 
designed by the writer and Mr. Hasegawa, 
in which these difficulties are overcome. 
It is intended for attachment to the lower 
end of a 20-inch main, several miles long, 
in which the velocity will be considerable, 
to be used in connection with the water- 
works of Kobe, Japan. The airangement consists of a balanced 
valve connected with a piston of considerably smaller area than 
either of the halves of the valve, actuating the balance valve in case 
the water pressure becomes great enough to lift the weights shown. 
It is to be observed that such a valve would probably not be 
quite watertight. In the position in w^hich it is to be fixed, at the 
lower end of a long pipe constantly discharging into a filter well, 
some leakage is of no consequence. Such leakage has simply to 
be carried to the filtering well. 




Fig. 243. — Large safety valve 
for use on water mains. 



Stand Posts, Drinking Fountains, &c. — Drinking foun- 
tains in public places, for man and cattle, are familiar objects to 
all, and it would be superfluous to describe them here. 
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Stand posts, or draw-oflf posts, are sometimes largely used in 
the poorer districts of towns to enable people who are too poor to 
have water carried into their houses to draw the supply they 
want. These people are commonly taxed a small sum for the 
privilege of drawing as much water as they need. As the water 
has all to be carried away from the stand-posts by hand, there is 
not likely to be any great waste. Very often 
pillar hydrants are used as draw-off posts, an 
additional small valve being attached ; or rather, 
stand-posts perform the functions of both pillar 
hydrants and draw-off posts. If the catalogue of 
any maker of waterworks fittings be consulted, a 
number of designs for draw-off pillars will be 
found. 

The stand pillar shown in Fig. 244 is from 
the catalogue of Messrs. J. Blakeborough and 
Sons, London. It has the advantage of being very 
cheap. It is not, however, as some more expen- 
sive posts are, fitted with a " self-closing " valve. 
The object of the self-closing valve is, of course, 
to prevent waste, by leaving the valve open after 
the drawing of water, so that there is a con- 
tinuous flow. Such self-closing valves are cer- 
tainly an advantage, but it will be seen that they 
are not as essential as might at first sight appear, 
if it is considered that stand-posts are generally 
purposely placed in somewhat conspicuous posi- 
tions, and that a continuous flow is nearly sure 
to be very quickly noticed. 

Connection of Service Pipes ivith Mains. — 
Service pipes — pipes, that is, leading water from 
the mains of waterworks into houses — are most 
commonly made of lead, spite of much that has been 
said and written about the possibility of lead poisoning from the 
use of such pipes. It is true that there are a few waters — very- 
soft, and generally in other respects very pure — that have a con- 
tinuous solvent action on lead,'^ and that it is dangerous, in the 
case of such waters, to use lead pipes or lead-lined cisterns. Such 
waters are, however, very exceptional. The writer has not actually 
come across an instance of one. In nearly all cases the effect 



g. 244. —Blake- 
borough's ' stand 
pillar. 



See note to page 15 (Note 2, Appendix II.). 
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of the water h quickly to cover tho leu,l with a thin 
nmM.h salt of I«ad, after which all further action ceas. 
TI.e great durability of lead, the ea*e with which 
handled, ^nd esp.nally the facility there is. in the caL 
o beading it cold u.«ke it commonly preferred for sen 
although wrought iron is used to .ome extent (the writei 
- -more in America than in other countries 

nS. J"/?'''^r '' ?""f *'^" bet^e^n a ca^t-iroii main and 
pipe of lead, a ferrule of brass is used. A hoi. i. l,„r( 
ea.t-,ron p.pe, and this hole i« either "t.tpcred" or 
according to the kind of ferrule that i. to' be uj 
fc rules are .shown in the Fig«. 245. 240. They are «im,)Iy h 
ujtu a coned hole m the cant-iron pipt,. ^ ^ 






Ki«8 245, 24e._T»pt-it,l r.rrulw 
lor cuiiiiirftnij; wiHer^jipts. 




Tv^ 347, 248.-ScwwbU ftwuii 
for coiiiieutiiig wateq)jpe«. 



Screwed feiTules are illustrated in Fi<. 247 "48 

arc much to be preferred to tapered ferrule^: In ham n. 

apered ferrule mto a pipe, there i« always the possibilTtv o 

tuig the latter especially if it is thin/ Moriove Hh 

pressure he high, there i« the chance that the ferruL! wi ] J 

tfie mtfn „y>^u,r. Even a slight tapping with a 

hammer will however, sometimes locteu a tfjer farrXwh, 

goo. with he wat.r pressure. It i. conceivable th t the 

t.on produced by heavy traffic overhead may act in the am 
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at times. In any case the screwed ferrule is to be preferred, and 
the diflFerence in price is not great. 

The ferrules illustrated are generally sent out ready '^ tinned," 
so that a lead pipe can quickly be attached to them by a wiped 
joint. 

There are certain advantages in a ferrule, or coupling, that does 
not involve a soldered joint. These advantages will be particu- 
larly felt in remote countries, 
where it is difficult to get the 
services of skilled plumbers. 
Fig. 249 illustrates such a 
ferrule or coupling. It scarcely 
needs explanation. By coning 
out the end of the lead pipe a 
little, so as to give it the shape 
of a trumpet-mouth, and screw- 
ing home the nut, a watertight ^. ^ , . , 

. ? . , ' . ^ ® Fig. 249.— Screwed ferrule attached 

joint at once results, bonie- to waterpipe. 

times " screw-down " or '*plug " 

ferrules are used. These form, in fact, a combination of a ferrule 

and a stopcock. One of the many forms of these is illustrated in 

connection with a pipe tapping tool on the next page. 

Wrought-iron pipes may be screwed directly into the mains, 
though it would be better to have a brass coupHng screwed at one 
end to enter the cast-iron pipe, at the other to receive either a 
coupling, a nipple, or the screwed end of a pipe. 

Boring and Tapping Pipes under Pressure. — Naturally 
an attempt will be made, as waterworks come near to completion, 
to see that there is a ferrule inserted at every place where a service 
pipe is likely to be wanted before the pressure is finally turned 
on ; but it must often happen that after a time the need for further 
connection of service pipes with the mains occurs. With the 
intermittent system there is no difficulty. The pipe is bored 
and tapped, and the ferrule inserted during the hours that 
the water is '*off." Even with the constant system it is a 
common custom to turn the water off a certain district during the 
small hours of the morning, to permit of the making of a con- 
nection, but this is a custom by no means to be encouraged, as 
will be understood if the possibility of the occurrence of a fire 
be taken into consideration. 

The undesirabiHty of shutting the water off a whole district to 
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permit of the making of a single house connection has resulted in 
the invention of various ingenious machines, whereby it is possible, 
whilst a pipe is under pressure, to bore it, tap the hole, and screw 
in a ferrule. One such is illustrated here (Figs. 250, 251, 252), 
which will be readil}^ understood with only a very short explana- 




Figs. 250, 251, 252. — Gear for coimectiiig pipes to mains. 

tion. It will be seen at once how, by the aid Of the chain, bolts, 
and nuts, the whole gear can be attached to a main where a 
connection has to be made. The packing-piece a has to be 
changed for different diameters of pipe. The rest of the gear 
does equally well for all diameters of pipe. 

The slide b, it should be understood, really forms a sluice valve, 
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by means of which, after the hole has been bored, water can be 
shut off from the upper part of the apparatus. 

The spindle c carries a combined drill and tap to be worked by 
the ratchet at d. Cup leathers prevent water from escaping 
around the sides of this spindle. The pipe is, of course, first 
drilled, then tapped. After this the drill and tap are withdrawn 
to such a height that the slide b can be closed, when the spindle 
bearing them is withdrawn altogether. It is then replaced by the 
spindle e,^'^ by means of which the lower half of the patent stop 
valve ferrule can be screwed into the cast-iron pipe. 

This ferrule is illustrated in Figs. 253 and 254. The plug a, when 
it is screwed down, closes the passage from b to c ; when it is raised, 
it leaves that passage open. At the time that the lower part of 
the ferrule is screwed into the pipe the plug a is screwed home. 





Figs. 2r)3, 254. — Patent stop- valve ferrule. 

The whole of the gear may now be removed, and the upper half 
of the ferrule may be screwed to the lower half 

The lead pipe is afterwards connected to c, and at any time the 
plug A is screwed upwards till it reaches the position seen on the 
left-hand side cut, when the passage from the main to the service 
pipe is clear. A cap, d, serves to prevent the possibility of a slight 
continuous leakage past the screw of the plug. If it is necessary 
to shut off the water from the service pipe at any time the plug 
can be screwed down again. 

The gear here described is that known as Morris's apparatus, 
manufactured by Messrs. J. Stone & Co., of London. It is 
certainly about the best of several gears all having the same 
object. The only objection that there can be to it, is that the 
combined drill and tap is an expensive tool liable to be broken just 
below the tap in careless hands. In another apparatus, of which 

* By a mistake in the drawings, the spindles c and e are shown of different 
diameters. They are, of course, of the same diameter. 
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the writer has not drawings by him, there are three separate 
spindles, one holding a drill, the next a tap, and the third the 
ferrule. The whole gear slides on a saddle in the direction of 
the axis of the main, and thus the drill first, then the tap, and 
finally the ferrule, are brought over the same point, and are 
actuated each by its special spindle. The difficulty of the 
combined tool is thus overcome, but it is naturally at a sacrifice 
in the matter of the portabihty of the gear. 

In this chapter there have been described only a few out of 
almost innumerable appliances that have been specially designed 
in connection with waterworks. They are (the writer thinks) 
the most important. To describe all would be an interminable 
work. Any engineer who takes up waterworks practice will 
naturally provide himself with a collection of the catalogues of the 
well-known manufacturers whose specialty it is to provide fittings 
for waterworks, and from these he will get a very good idea of the 
numerous minor fittings. 



APPENDIX I. 



Considerations concerning the Probable Effects op Earth- 
quakes ON Waterworks, and the Special Precautions to 

BE TAKEN IN EARTHQUAKE COUNTRIES. By PrOFESSOR JoHN 

Milne, F.R.S. 

Prefatory Note, — In different parts of this volume, principally 
in footnotes, will l)e found brief references to the effects of earth- 
quakes on waterworks, but they are the merest references. Indeed, 
the writer does not know of any book or paper treating specially on 
this subject. 

It is probably not too much to say that the greater part of all that 
is scientifically known about earthquake motion and its effects has 
come from Japan; and there is not much doubt that as that country is 
rapidly adopting modern waterworks there will be, before long, prac- 
tical examples of the effects of earthquakes on waterworks that will 
teach much to engineers as to the proper construction of such works 
in countries liable to earthquake shock ; but in the meantime it is 
possible only to make deductions from theoretical reasoning and from 
the effects of earthquake on engineering structures generally. 

It need scarcely be said that there is no man better able to 
make deductions of the kind referred to than Professor John Milne, as 
no man has a more thorough knowledge of the subject. I therefore 
consider it a matter of congratulation that Mr. Milne has acceded 
to my request that he write this Appendix, which will be found 
interesting and instructive to all engineers — not only to those who 
are specially engaged with waterworks. 

W. K. Burton. 



Although an engineer of waterworks, when laying pipes, building 
reservoirs, or erecting water-towers, is carrying out work peculiar to his 
own profession, the principles that should guide him so that the effects 
due to earthquakes may be minimized are practically the same as those 

T 
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that have been laid down for the guidance of engineering work in 
general. 

The first point to which an engineer's attention may be directed, 
and a point that cannot be too strongly emphasized, is the selection 
of a site for the work to be carried out, where experience or experi- 
ment shows that the least quantity of motion is likely to be met 
with. 

The history of all great earthquakes — as, for example, that of 
Lisbon in ] 755 — has shown that certain districts have suffered severely 
whilst neighbouring districts have only suffered partially. One general 
rule is, that buildings founded upon hard material, which is generally 
the high ground, suffer less than those that are founded on soft, which 
is generally the low ground. The difference in motion that is ex- 
perienced on hard ground, as compared with that experienced on soft, 
has very often been absolutely measured by seismographs, a fact 
that indicates the possibility of a seismic survey. Even within a 
small area, where to the eye the ground will appear to be uniform in 
character, it has been repeatedly shown that one part of it suffers 
more motion than another. 

On wet and swampy ground, although the period of motion may 
be long, the amplitude is usually so great that such ground is unsjife. 
Steep sloping ground is also bad, soft material often sliding down 
in consequence of the shaking. The edges of cliffs, scarps, and river 
banks are also dangerous sites, these forming free surfaces that swing 
back and forth through a range of motion so great that their outer 
faces are often completely detached from what is behind them. 

For example, it would be unwise either to erect buildings or to 
lay a line of pipes close to and parallel with the edges of a river with 
steep banks, whereas a hundred yards back from these banks the 
situation might be comparatively j^afe. 

The same remark applies to a sunk reservoir ; for in the case of 
such a reservoir of large area, without an arched roof — such as a 
settling reservoir — it should be borne in mind that the retaining walls 
or sloping sides act as free surfaces with regard to earthquakes, 
especially when the reservoir is nearly or quite empty. 

That great advantages can be gained by selecting a proper site is 
indicated by the fact that, in building regulations for districts where 
earthquakes are frequent — as, for example, in Manilla and Ischia — 
special references are made to the methods of founding on soft ground, 
and, in many cases, certain areas have been marked off* as unsuitable 
for buildings of any description. 

In making foundations, experiment and experience have shown 
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that great advantages result from allowing the building to rise from 
a basement with an open area surrounding it, the motion at a distance, 
removed from the origin of a disturbance, being not unlike that of 
water-waves, the amplitude of motion of which is less beneath the 
surface than it is on the surface. 

Eegulations in certain parts of Italy respecting buildings require 
that, when they are erected on soft ground, the foundations should 
consist of a platform of masonry or concrete, to extend from 3 feet 
2 inches to 4 feet 9 inches in every direction beyond the base of the 
building, the platform itself being, for a one-story building, 2*3 feet 
thick, and for a two-story building, 3 '91 feet thick. 

In Japan several buildings have been erected on what are called 
" free foundations," that is to say the buildings are carried on a layer 
of shot, or iron balls. On account of the movement experienced at 
the time of high winds, and also for other reasons, such construction 
is not to be recommended. 

Another principle of great importance which is not to be neglected 
when designing high structures is that the stresses arising out of 
earthquake motion, that have to be contended against, are to a large 
extent applied horizontally. For example, ordinary archwork is 
condemned in Italy, Manilla, and other places where earthquakes 
are frequent, as being unsafe. In Ischia it is allowed underground, 
where the motion is less than on the surface ; even in this case it is 
specified that the arches have a rise of one-third of their span, and 
that the minimum thickness at the crown shall be '82 foot (one brick) 
thick. The application of these figures to the construction of reservoirs 
with arched roofs will readily be understood. 

In making dams for impounding reservoirs, it must not be for- 
gotten that these may be subjected to a horizontal shaking, with the 
result, if they are made of loose material, that this may be disinte- 
grated much in the same way as a pile of sand would be on a shaking 
table. For this reason it is better, in earthquake countries, to follow 
the English rather than the American practice in designing dams for 
impounding reservoirs. In connection with these dams it must be 
remembered that they may possibly be toj)ped by waves caused by 
the earthquake motion. This is a strong argument for the adoption 
of a dwarf wall as a " breakwater " along the top of an earthwork 
dam in an earthquake country. It might be further advisable to 
pitch with stones the top and lower slope of the dam, as well as 
the upper slope, so that if it were merely a case of topping with 
a few waves in succession, there would not be the danger of cutting 
away of the earthwork that there would be without the pitching. 

T 2 
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In the construction of walls, whether for a building or for a 
water tower, we should remember that they should be both light 
and strong. The opinion sometimes held, that weight, in itself, 
actually gives strength, holding down a building, so to speak, is a 
complete delusion. The very contrary is true. Weight, or mass, in 
itself is a cause of weakness only. Lightness may be gained by the 
use of hollow bricks, strength by the use of good cement mortar, a 
cement joint having a tensile strength of perhaps 100 lbs. or more to 
the square inch, whilst a joint made with bad lime mortar may not 
liave a tensile strength greater than 4 or 5 lbs. to the square inch. 

The height to which walls are allowed to be carried in the Island 
of Ischia, for two-storied buildings, is 32*8 feet. Walls of 13 feet 
high, constructed of simple masonry, must have a thickness of not 
less than 2*3 feet. 

The height to which an ordinary wall of good thickness can be 
carried with safety, depends upon the material of which it is con- 
structed, and the weight of the top load it has to carry. An ordinary 
wall of uniform section, when moved backwards and forwards with 
sufficient rapidity, will finally snap at its base. Therefore it would 
seem that the strength of a wall ought to decrease from its base 
upwards. 

As the result of experiments made in Japan, an outline for a 
column of square section may be obtained from the following 
formula : — 



Where 



a w 

X = half the horizontal dimension of any given section measored in 

inches whose distance from the top is y ; 
w = the weight of a cubic inch of building material in lbs. (if brick 

is the material, it equals '0608); 
F = the force of cohesion, or the force upon 1 square inch of surface, 

which, when suddenly applied, produces fracture (in other words, 

the tensile strength per square inch when the force is applied 

suddenly); 
g = the acceleration due to gravity, in millimetres, which may be 

taken at 9660; 
a = the greatest acceleration per second, per second, measured in 

millimetres, which the structure may have to resist. 



As an illustration, suppose 

a = 1,000 millimetres per second, 
F = 5 lbs. per square mch. 



, per second ; 



Then, taking our units in inches, y^ = 8,100a:. The outline of 
such a figure is given in the accompanying diagram (Fig. 255). 
Brick piers of this form, some of which are 110 feet high, were 
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constructed by Mr. C. A. W. Pownell, M.I.C.E., for the railway 
over the Usui Pass in Japan. 

If the section be rectangular, and the dimension perpendicular 
to the direction of motion be constant, as 
in a wall, then — 



>f='-^^. 



a w 



The equation gives a wall of zero 
thickness at the top — a thing that, of 
course, does not occur in practice. In 
the actual designing of walls according to 
this principle, the mean thickness — say 
the length of one brick — may be added 
to the hypothetical section got by the 
equation, or a suflficient length of the 
impractically thin top part of the section 
for a higher wall got by the equation 
may simply be cut off. In either case 
the section will be as near the theoreti- 
cally correct one as practice demands. 

On the occasion of the great earth- 
quake of Japan, on October 28th, 1891, 
which overturned railway bridges and engi- 
neering structures generally, the greatest 
acceleration calculated was about 4,000 
millimetres per second, per second, or say 
about 13 feet — in most cases it ran 
between 5 and 10 feet — per second, per 
second. These accelerations mean the 
same as a jerk such as would be produced 
if a building were standing on a truck, 
which began to move with velocities equal 
to the above numbers ; or if, moving with 
these velocities, it was suddenly stopped. 

The third general principle not to be 
forgotten is to keep centres of inertia as 

low as possible. For example, the upper parts of walls should carry 
oiJy very light roofs, or else the roof should be free to move upon 
the wall. Water towers are about the worst structures that can be 
erected in earthquake countries. In the earthquake of 1891 in 
Japan, even the small water tanks which supply railway engines at 



Fipj. 256. — Diagram iUustrating 
formula for strength of wall. 
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stations were entirely destroyed on account of the inertia of their 
upper parts. 

With regard to roofs and floors, all tie beams should extend at 
least f into the thickness of the wall. 

In erecting any structure, it must be remembered that its 
different parts, if not strongly tied together, will tend to vibrate in 
different periods, and in consequence of this want of syncronism in 
their motion they will be mutually destructive. For example, a 
brick chimney and a wooden building, if entirely free from each 
other, may stand with safety, but directly they come in contact, the 
wooden building almost invariably cuts the chimney in two and 
causes its collapse. 

In putting up a building, either of two general principles may be 
followed. One is to make the structure light and flexible, like a 
wicker basket that may be shaken without damage ; another is to 
make it strong and rigid, but at the same time also as light as 
possible. Here we approximate to a steel box, which will also resist 
considerable motion without suffering damage. One is cheap, but 
fragile and liable to decay and to destruction by fire ; whilst the other 
one is expensive but lasting. 

Perhaps the most important thing is to use onl)'' good materials, 
particularly good cement* 

* The subject of the effects of earthquakes on engineering structures in general, 
and of the steps to be taken to minimise these effects, has been treated by the writer 
(John Milne) in vol. xiv. of the Transactions of tlie Seismological Society of 
Japanj and in the Minutes of the Proceedings of the Institution of Civil En- 
gineers, vol. Lxxiii., pp. 278 et seq. 
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Notes. 



The criticisms and remarks in these notes attributed to Dr. E. 
Divers, F.R.S., were written in private letters to me, and were not 
intended for publication. I consider them, however, very valuable 
— even where I do not entirely agree with them — and I have 
persuaded Dr. Divers to allow them to be printed here. 

W. K. Burton. 



Note 1, page 12. — Service of watei^ through lead pipes and 
cisterns. I have the following from Dr. Divers on this subject : — 

" Outside the London and Paris basin, it is a very serious matter 
for the water engineer to consider that he may, with an otherwise 
excellent water, poison a town which has intrusted itself to his 
hands. There is some uncertainty in the matter, but you may 
venture thus far, and be of use to your readers : — 

(1) Hard natural waters are seldom active on lead pipes in 
service. 

(2) Soft potable natural waters owe their activity apparently to 
the presence of acids in minute quantities. Hence a soft water may 
be practically inactive in virtue of its freedom from acidity. 

(3) Addition of a minute quantity of sodium carbonate destroys 
the activity of a water. 

(4) Over-liming of water, by generating in it some sodium or 
potassium hydrate, is apt to make, or leave, a water active." 

Note 2, page 15. — The writer recently read a paper in which to 
the humic acids of peaty water was attributed the property that 
some waters have of dissolving lead, making it dangerous to use lead 
pipes or lead-lined cisterns with such waters. Unfortunately he has 
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lost his note of the paper, and can therefore neither refer the reader 
to it nor give the name of the author. It has always been somewhat 
of a mystery why some waters have this property of dissolving lead, 
others not : and if it could be definitely established that waters free 
from peat have not this property, the addition to our useful know- 
ledge in connection with practical water supply would be great 
indeed. ' 

Note 3, page 36. — Even as approximations, these values can be 
taken only when considering the comparatively small catchment 
areas that are likely to be utilized for the water supply of towns. 
In the case of the catchments of large streams, or rivers, a much 
smaller percentage only can be relied on. 



Note 4, page 36. — Again, in the case of valleys in which snow 
lies for several months of the year, the flow of a river may fall nearly 
to zero towards the end of such a time, whilst, for some part of the 
spring, after the snow begins to melt, the flow of the river may be 
many times greater than the whole of the " precipita,tion " over the 
catchment area. In fact, all deductions of the flow of streams and 
rivers from the rainfall over the catchment area must be made, and 

used, only with the greatest caution 
and judgment ; but the writer can 
certify that, when so used, they are 
of the greatest value, in the absence 
of actual gaugings spreading over a 
considerable time. This especially, 
considering how very inexact such 
gaugings often are. 




Fig. 256.— Illustration of Dr. Divers' 
theory of sand filtration. 



Note 5, page 79. — Dr. Divei-s 
makes the following criticism of these 
statements, with the sketch repro- 
duced here (Fig. 256) :— " On the 
theory of filtration you are of course 
sound as far as you go, but you leave out the best part of the true 
theory. But on p. 82, the la^t paragraph on lime purification contains 
the essence of the true theory of sand or any other filtration, as con- 
trasted with straining. If in twelve hours matters have just settled 
in the plain vessel shown in the sketch, then in one hour they will 
have settled in the vessel with eleven trays. Exchange the trays for 
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the sand of a filter, and the fact remains. Eush the water through 
the filter, and, as you point out, the sediment is carried out of it. 
Hence so-called * upward filtration,' or in reality drawing off water 
at nearly the same level as that of the surface of unfiltered water 
{vide side pipes)." 

Note 6, page 80. —Dr. Divers has the following remarks on this 
paragraph : — *' It has never been demonstrated that animal charcoal 
will completely oxidize organic matter, and it is against all experience 
that it should. Animal charcoal purification is familiar to the 
chemist, and is certainly known to be, though marvellous and unex- 
plained, positively only * absorption,' or temporary fixation of the 
matters to the charcoal, so that by appropriate washings with 
solvents these matters can be recovered afterwards. Hence the 
cause of the positive fact which you yourself refer to, that purer 
water following other water through a charcoal filter long enough in 
use becomes reduced in purity by the foul charcoal — it dissolves out 
the matters in the charcoal." 

Note 7 y page 81. — Dr. Divers has the following remarks on this 
paragraph : — '* Spongy iron. — You are not justified in saying 
what you do. It or any metallic iron can only act chemically, and 
therefore by consumption and quantitatively to its effect ; and if the 
water is flowing the local deposit of rust will be slight, and in any 
case will not protect the iron and water from each other. If the 
latter contain carbonic acid it will be active on iron ; if not, probably 
not ; but any iron, ah initio very rusty, will suffer by use, not by 
rusting badly in running water, but by crusting by calcareous matter. 
There is no rationality in exalting nails and borings (oily and dirty 
from the drills*) at the expense of spongy iron clean from the 
furnace. Spongy iron chokes ; therefore it soon becomes useless." 

Note 8, page 95. — Filtration through sand is better avoided than 
availed of, when not needed. The bed is a possible nidus for germs, 
and may become a veritable soil, unless the sand is nearly exclusively 
gilicious. This remark does not apply to a regularly cleaned bed, 
but to one undisturbed for a long time. 

* I believe ca&t-iron turnings and borings have, in practice, proved superior to 
spongy iron for the purpose of purifying water by agitating the iron and water 
together, and I consider this a rational reason for exalting the said turnings and 
borings. The oil and other dirt can readily be removed. — W. K. B. 
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Note 9, page 100. — Concerning this, Dr. Divers remarks : — " The 
' clean ' here does not cover the point to be insisted on, which is, that 
the sand must be as nearly purely silicious as possible — ^inactive, that 
is, in furnishing mineral matters for food to vegetable organisms." 

Note 10, page 113. — Dr. Divers says: — "The fishy smell is 
due, with hardly a doubt, to trimethylamine formed by bacteria out 
of albuminous matters. ... I should recommend aeration and 
sunning [of sand] in addition to washing [scouring] if feasible." 

Note 11, page 116. — The following remarks with regard to the 
use of magnetic oxide of iron are by Dr. Divers : — ** To Thomas 
Spencer [long dead] is due the merit of recognising the value of 
magnetite, and introducing porous fragments [not * in a fine state of 
division '], obtained by calcination of spathic iron or other iron ores, 
into domestic filters and filter beds of waterworks. Unfortunately 
he called his preparation * magnetic carbide,' because, from his mode 
of preparing it, it sometimes contained carbon. Frankland tried 
artificial magnetic oxide, which of course reacted with the wat^r and 
was inapplicable, and this led him to discredit Spencer's oxide and 
Spencer's theory. But full experiments made by me for the Lancet 
established for so-prepared magnetic oxide a power equal to the 
finest charcoal, and a renovating property, when aerated occasionally, 
that is very remarkable. There is, however, this need for aeration, 
and that is the objection to the use of magnetic oxide of iron. It 
must be allowed to act on clear water, out of which it removes dis- 
solved organic matter, and then it must be aerated by aerated water, 
or air itself, which means extensive disturbance of the filter. If we 
could make a filter bed all of porous magnetic oxide, and treat it as 
sand, the result would be admirable, but we cannot, on account of the 
expense and the weight due to the density of the material .... 
At a time when I was acting as sanitary commissioner, I broke up a 
* silicated carbon ' filter, and found the interior packed with ' mag- 
netic oxide ' or ' carbide.' The fact was published at the time." 

Note 12, page 123. — Dr. Divers remarks : — "I do not like the 
silver nitrate test. Why not use litmus paper ? Red or violet must 
not become a marked blue. The silver nitrate will detect alkalinity 
in calcium hydrate; and suppose not enough lime has been added, the 
pale yellowish turbidity will detect the presence of calcium carbonate, 
but only in the very rare case of the entire absence of chlorides." 
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Note IH, page 123. — ^Dr. Divers says further: — "The case does 
not depend on space alone ; there is another thing. Usually, limed 
water settles well enough ; but if not, or for any other reason the 
water is allowed to stand for many hours over or with the carbonate, 
carbonic acid will be taken up from the air, and some will go again 
into solution. But for this, settlers would be all that could be 
desired." 



Note 14, page 124. — See Engineering for March 11th, 1892, 
page 318, for a very interesting description of water-softening appa- 
ratus on a large scale, as adopted at Southampton. In this plant the 
water and lime are mixed in a tank or open reservoir of considerable 
size, and the carbonate of lime is afterwards removed by a large 
battery of filters much of the same pattern as those described here. 

Note 15, page 126. — ^Dr. Divers says about this case of Perth : — 
" Your illustration of Perth is, in my opinion, entirely wrongly inter- 
preted — that is, against the facts and against your previous correct 
account that water may rise to a river, and not always go down from 
it ; and therefore your moralizing about Nature's work is as weak as 
all such moralising usually is. That sub-insular water is surely not 
purified by downward passage through the river bottom. It is the 
pure water from below." 

Note 16, page 132. — If, instead of rows of columns, continuous 
partitions be built, supporting the arches — each partition having an 
arched opening at one end, and the arched openings being at alternate 
ends of the reservoir — the water will be kept well in motion, and all 
stagnation will be avoided. 



Note 17, page 143. — In the case of very large waterworks, it is 
an economy to substitute open channels for pipes, in distributing the 
water as far as the filter beds. Open channels, for the purpose here 
indicated, are being adopted in Japan, by the author s advice, in both 
the Tokyo and the Osaka waterworks. 



Note 18, page 182. — ^This is assuming the pipes to be coated 
with Angus-Smith's or some similar composition. With uncovered 



284 



THE WATER SUPPLY OF TOWNS. 



uncoated pipes, an incrustation of "tubercles" of an indefinite 
thickness, and having nob-shaped projections that enormously 
increase the friction of the water, forms. On the other hand, with 
proper coating, it often happens that no incrustation at all takes 
place. It is not safe, however, to determine the diameter of a pipe 
without making some allowance for incrustation. 

Note 19, page 194. — ^A slight modification of this plan is as 
follows : Instead of making the pipes in one direction only mains, 
proportioning them to do all the work — making the pipes at right 
angles merely supplementary — the pipes in both directions at right 
angles may be made of equal diameter, each pipe being then looked on 



a 



Fig. 267. — Diagram illustrating system of distribution for small district. 

as a main. This arrangement is illustrated here (Fig. 257). In this 
case any pipe — as, for example, a h — is made of a diameter to serve 
only half the district marked out by the dotted lines, even considering 
it as supplied at both ends. One or the other of these modifications 
will be the most economical, according to the size of the district to 
be served by the " loop." A small district will probably be piped 
most economically by the modification shown in this note, the pipes 
being then, very likely, all of the minimum diameter used in the 
system, whereas a large district will probably be most economically 
piped by the system shown in Fig. 177 (page 193). 



Note 20, page 236. — The difierence between the thickness of 
cast-iron and of riveted steel pipes is relatively less the larger the 
pipes, so that the thinness of the latter is less likely to lead to serious 
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results with large than with small pipes; and the convenience of steel 
pipes for very large sizes is so great, that the author has no hesitation 
in recommending them for such sizes in nearly all cases. 

The only question is, What diameter constitutes a very large pipe ? 
It is difficult to answer, of course, but the author states provisionally 
that the convenience of steel pipes, as compared with cast-iron, begins 
to get so great in the case of such sizes as four feet and upwards, that 
he would certainly incline to adopt steel pipes in nearly every case 
where a pipe of four feet or upwards is needed ; and, as the thickness 
of steel pipes increases more rapidly with increase of pressure than 
does that of cast-iron pipes, it is evident that for high pressures any 
danger that there may be from thinness of the shell is less than for 
low pressures, and it seems at least likely that, in the case of what 
must be considered high pressures in waterworks practice — say 
100 lbs. on the square inch and upwards — steel pipes might with 
advantage be used for all parts of the work, for diameters consider- 
ably leas than four feet. 

Note 21^ page 247. — The writer has often visited the pumping 
station, at the intake for the Yokohama waterworks, where this 
gauging apparatus is fixed. He is of opinion that, if the discs were 
made larger and the motion were greater, the gauging would be 
much more precise. As the meter now works, the " shake " on the 
pencil, its holder, and other parts, is so great, relatively to the small 
radial motion, that a verj^ appreciable error is introduced. 

Note 22, jf^agre 250. —The " Venturi tube," which has long been 
used as a means of roughly estimating the velocity of air-currents, 
has recently been used as a water-meter. The Venturi tube is simply 
the Vena contracta. Its action depends on the fact that, if made 
carefully to a certain longitudinal section, the reduction of pressure 
at the contraction is a function of the velocity of water passing at 
that part of the tube. The simplicity — the fact, almost incredible at 
first, that no appreciable obstruction to the flow of water is caused — 
and (so far as the writer can learn) the reliability of this meter, are 
such as to commend it for measuring water to be used for irrigation, 
for compensation, and for the like purposes ; but it is not, unfortu- 
nately, suitable for a district meter. The first essential for a district 
meter is that it should be capable of measuring, with fair accuracy, 
the passage of small quantities of water. Now the Venturi meter 
will not register, with an approach to accuracy, velocities below about 
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six inches per second, along the full section of the pipe, or say fix)m 
one-quarter to one-tenth of the average velocity. 

A desideratum at the present time for large mains is a " shunt " 
district meter (if the term is allowable) — that is to say, a meter 
through which not the whole but only a small fraction of the water 
has to pass. The difficulty with this is the same as with the Venturi 
meter. It would be easy to design such a " shunt " meter for 
moderately great and great velocities, but the writer does not know 
of any such meter that is suitable for small velocities, and he has 
been unable to design one that seems at all hopeful. 



INDEX. 



^^♦ In those cases where a figure referring to apcige is printed in large and conspicuous type, tJtis 
indicates that the svhjed referred to is more fully treated on that page — or beginning at that 
page — than on any other. 
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Aberdeen waterworks, 175 
Addington Hill reservoir, 133 
Admission of water to filter beds, 1 10 
Aerating sand of filter beds, 282 

magnetite, 282 

Air-collecting vessel for syphon for 

emptying reservoirs, 62 
Air pump for condensers, 151 

for syphon for emptying reser- 

voirs, 62, 63 
Air valves, 264 
Air vessels for pumping engines, 161 

for pumping machinery, 1 42 

Allowance for increase of population, 20 

for incrustation of pipes, 197 

Alum for softening water, 122 
America, use of water meters in, 261 
American pillar hydrant, 209 

screw-down hydrants, 214 

section of earthwork dam, 54 

towns and cities, consumption 

of water in, 19 

Analysis of water, 6 

Anderson, William, 117 

Angus-Smith (Dr.)'8 composition for cast- 
iron pipes, 232, 283 

Animal charcoal, action of on water, 80 

Antwerp waterworks, 117 

Aiiollinaris water, 1 1 

Appliances used in connection with water- 
works, 262 

Apron of puddle, 69 



Aqueduct bridges, 176 

Aqueducts, 167 

Arch principle in masonry dams, 73 

Arched roof for clean water or service 

reservoirs, 132 
roofs of reservoirs in earthquake 

countries, 274, 276 
Archimedean pump, 148 
Archwork in earthquake countries, 275 
Area of filter beds, 1 27 

of filtering surface, 96, 102 

Ashlar masoniy, valve towers, 61 
Automatic valve for regulating filtering 
speed, 108 
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as a punfier of water, 9 

forming trimethylamiue in 

sand of filter beds, 282 

in water, 13 

Bacteriological analysis, 7 

Bacteriology in relation to filtering speed, 

94 
Ball hydrants, 212 

— valves, 143 

— — in houses, 243, 267 
Bamboo pipes, 218 

Basins, fixed, discharge pipes of, 244 
Batemau, Mr. 176 
Baths, discharge pipes of, 244, 245 
Beam engines, 150 
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Belgian pipe foundries, 231 
Bell-mouthed pipe for admitting water to 
filter beds, 111 

- — for inlet to settling reservoir, 

92 
Berlin, sale of water at, 260 

waterworks, covered and open 

filters at, 94 
Bishof, Professor (iustav, 117 
Blakeborough and Sons, 267 
Boiler chimneys, 164 

reserve for cases of fire, 207 

Boilers, Cornish and Lancashire, 164 

for pumping engines, 156, 163 

locomotive and marine, 163, 164 

tubular, or water tube, 164 

Bored and turned joints for cast-iron pipes, 

220 
Boring and tapping pipes under pressure, 

269 
Borings, trial, for impounding reservoirs, 48 
Boulders for draining filter beds, 97, 98 
Brass ferrule for connecting main and 

service pipe, 268 
Breakwater on top of dams, 275 
Breast-water wheels, 164 
Breeches-pipe as stand-pipe, 141 
Brick arches for roof of clean water or 
service reservoirs, 132 

cellular floor for draining filter beds, 

99 

chimneys in earthquake countries, 

278 

in cement for covered conduits, 

176 

piers in earthquake countries, 276 

Bridge at Usui Pass, Japan, 277 
Brightmore, A. W., v. 

Brighton water supply, 125 

Brown, Bros, and Co., 184 

Buck et-and- plunger pumps, 148 

Bull pumping engines, 149 

Burning vegetation within reservoir area, 
69 

Bursting of pipes by frost, 244 

By-pass channels for impounding reser- 
voirs, 68 
for service or clean water reser- 
voir, 129 



By-pass for sluice valve, 264 

pipes, 143, 144 

By-passes for fire extinction, 206 
By- wash for masonry dams, 75 

for reservoir, 54, 64 



CAPACITY (cubic), of reservoirs, 33 
of impounding reservoirs, 

estimation of, 50 

of reservoir determined 

graphically, 39 

of service or clean water 

reservoir, 128 

of settling reservoirs, 83 

of tanks of water towers, 

135 
" Carbide of iron," 80 
Carbonate of soda for softening water, 1 22 
Carbonates of lime and magnesia in water, 

11 
Carbonic acid gas in water, 1 2, 80 
"Carfarel,"80 
Camot's law, 154 
Casting pipes, 230 
Cast-iron in tanks for water towers, 136 

pipes, 218, 219, 

Dr. Angus-Smith's compo- 

sition for, 232 

length of, 224 

table of thickness of, 228 

thickness of, 224 

weight of, 231 

tensile strength of, 227 

valve towers, 61, 68 

Catchment areas for waterworks, 

area of impounding reservoir, 

48,65 
Caulking lead joints, 221 
Caustic lime for softening water, 121 
Cellular brick floor for draining filter beds, 

99 
Cement for settling reservoirs, 88 

for structures in earthquake 

countries, 278 

for water pipes, 219 

mortar for covered conduits, 

176 
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Cement mortar for masomy dams, 74 
Centres of distribution, 199 
Centrifugal pumps, 148 

duty o^ 157 

Chalk formation, 14 

Channels, conduits, and pipes, flow of 
water in, 167 

. open, 169 

construction of, 172 

— — cross section of, 170 

(duplicating), 22 

velocity of flow of water 

m, 169 
Charcoal, animal, action of on water, 80, 

281 
Chemical analysis of water, 6 
Chimneys for boilers, 164 

in earthquake countries, 277 

Circular service or dean water reservoirs, 

131 

-^— settling reservoirs, 87 
Circulating pump for condensers, 151, 

162 
Cisterns in houses, 188, 244, 245 

lead-lined, 267 

Clark's process for softening water, 11, 
13, 82, 120 

scale for hardness of water, 11, 

123 
Classification of waterworks, 42 
Clay and gravel puddle, 59 
— puddle, 57 
Clean water or service reservoir, 42, 44, 45, 
127, 206 

capacity and position of, 

128 

depth of, 131 

in middle of town, 200 

or service reservoirs, connec- 
tion with settling reservoirs 
and filter beds, 143 

form of, in plan, 130 

materials for, 133 

rectangular and cir- 

cular, 131 

roofing of, 132 

section of, 131 

Oeaning filtering beds, 95, 100, 112 

settling reservoirs, 83, 85, 93 



'^ Clearance" in steam engines, 156 

Closed conduits, 167, 174 

Coal for steaming, 156 

Coating pipes with varnish, 232 

Compacting of sand in filter beds, 103 

Compensation water, 63 

Composition for coating cast-iron pipes, 

232 
Compound engines, 161, 156, 162 

duty ot 157 

Compoimding pumping engines, 150, 155, 

162 
Concrete arches for roof of clean water or 
service reservoirs, 132 

dams, 51, 75 

for clean water or service reser- 

voirs, 133 

for covered conduits, 176 

for lining of open channels, 173 

for setting reservoirs, 88 

Condensers, jet and surface, 151 
Condensing engines, duty of, 157 

pumping engines, 151 

Conduits, flow of water in, 167 

open, closed, "cut and cover," 

and tunnel, 167 
Connecting pipes for settling reservoirs, 
filter beds, and clean water or service 
reservoirs, 143 
Connection of service pipes with mains, 
267 

of settling reservoirs, filter 

beds, and service or clean 
water reservoirs, 143 
Constant service of water, 187, 242, 244, 
245 

system of settlement of water, 

83,84 
Construction of earthwork dams, 53 
of masonry dams, 74 

of open channels, 122 

Consumption of water per head, 17 
Contingencies in estimation of the capacity 

of reservoirs, 39 
Contour lines for impounding reservoirs, 

48 
Controlling speed of pumping engines, 

161 
Cornish boilers, 164 

U 
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Conaish pumping engines, 149 
Covered conduits, 174 

~ cross section of, 174 

■ material used in the 

construction of, 176 

61ters at Berlin waterworks, 94 

Crank -abaft and fly-wheel pumping 

en^anes, 149, 155, 162 
Cn*>-work dam, 69 
Croes, James J. R, 73 
Crosa-section of covered conduits, 174 

- — of open channels, 170 

of puddle trench, 56 

Cultivated land, water from, 14 

Culvtirt for dischai^ of water from 

reservoirs, 57, 58 

through masonry dams, 76 

IJurrent meters, 30 

v'arved masonry dams, 73 

** Oat and cover '* conduits, 167, 175 

CjliuderB, high- and low-pressure, 156 



DA [ LY maximum consumption of water, 
20 

rainfall, in graphic method of 

determining capacity of 
reservoir, 39 
Dams, earthwork, construction of, 53 
for impounding reservoirs in earth- 
quake countries, 275 

for impounding reservoirs, material 

of, earthen dams, masonry dams, 
51 

reservoir, 43 

Dangerous waters, 14 
DaviSj Joseph P., 73 

DeacDti, G. F., M.I.C.E., 75, 136, 250 
Ueacoii'g district meter, 250 
Dead-end distribution system, 191 
I ^ead- freight safety valve, 266 
Deep- well water, 14, 24 
Delocre, Mons., 72 
Deptlj, mean-hydraulic, 170 
— ^ of filter beds, 97 

of impounding reservoirs, 48 

of service or clean water reservoirs, 

131 



Depth of settling reservoirs, 83 

of waste weir, 66 

of water over filtering sand, 100 

Detection of leakage outside houses, 24^) 
Determination of capacity of reservoirs, 34 
Detritus carried by floods, 69 
Diagrams of the discharge of water in 

pipes, 181, 197 

Diameter of pipes between settling reser- 
voirs, filter beds, and clean water or 
service reservoirs, 144 

Diameters of lai^ mains of distribution 
systems, 155 
^— of overflow and waste pipes, 1 45 

of smaller mains, 202 

Diagramatic illustration of stand pipe and 

pumping engine, 141 
Differential expansion gear, 161 
Differentiating meter, 250 
Direct pumping engines, 149 
Discharge of water in pipes, tables and 
diagrams of, 181 

through pipes, for- 
mulae for, 178 
Discharge pipes in houses, 243 
Dissolved organic matter in water, 10, 12 
Distillation of water, 77 
Distribution centres, 199 

pipes between settling reser- 

voirs, filter beds, and clean 
water or service reservoirs, 
144 

system, 42, 45, 187, 

augmenting, 23 

systems, "dead-end" and 

"interlacing" or 
"gridiron," 191 

diameters of large 

mains of^ 195 
in relation to the ex- 
tinction of fire, 188 

minimum diameters 

of pipes, 202 

well for filter beds, 112 

District meter, Deacon's, 250 

- — system, 18, 195, 248 

meters, with interlacing distri- 

bution system, 254 
Divers, Dr. K, vi., 80, 280, 281, 282, 283 
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Domestic meter system, 255 

supply of water, 18 

Double acting pumps, 148 

stand pipes, 141 

Drain pipe for settling reservoirs, 93 
Drainage of filter beds, 98 
Draining settling reservoirs, 87 
Drauge, James, 75 
Draw-off pipe for settling reservoir, 92 

posts, 266 

Drinking fountains, 266 

Dry and wet well valve towers, 60 
Dry-sand casting of pipes, 232 
Duncan, D. J. Russell, 238 
Duty of centrifugal pumps, 157 

of high pressure, compound and 

triple expansion engines, 157 

of pumping engines, 154 

working at a vary- 

ing speed, 162 
of pumping machinery, testing, 162 

of small engines, 159 

Dwarf wall at top of earthwork dam, 66, 
275 



EARTHENWARE filters, 77 
Earthquake countries, importance 
of " by-pass " pipes in, 145 
Earthquake countries, precautions in con- 
nection with settling reser- 
voirs in, 88 

buildings in, 278 

site of waterworks in, 274 

effect of, on reservoir of Yoko- 

hama waterworks, 67 

great, at Lisbon, 274 

of Japan (1891), 277 

waves in reservoirs, 67 

Earthquakes, effect of, on water towers, 136 

on waterworks, vi., 278 

possible effect of, on earth- 
work dams of reservoirs, 67 

Earthwork dams, 51, 52, 63 
Easton, Edward, 125 
Edinburgh waterworks, 200 
Efficiency of boilers and engines, 156 
of pumping engines, 207 



Eiffel tower, 184 

Eiselohr, Dr., 9 

Electric motors for raising water, 165 

Elevated reservoir, 207 

tanks, 134, 147, 201, 207 

in earthquake countries, 

277 

Embanked open channels, 123 

Engine foundations, 163 

Engines for pumping, simple, compound, 
triple expansion (or tri-com- 
pound), and quadruple expan- 
sion, 161 

high pressure, 162, 162 

pumping, 149, 153 

duty of, 154 

steam pressure in, 55 

English section of earthwork dams, 54 
Estimation of capacity of impounding 

reservoirs, 50 
Evaporation from water in reservoirs, 40 

of water by coal, 156 

Expansion gear, 159 

differential, 161 

of steam in pimiping engines, 

150 
Extinction of fire, provision for, 205 
Eytelwein's formula for the discharge of 
water in pipes, 181 



FACTOR of safety for cast-iron pipes, 
225 
Fanning, v., 27, 29, 30, 31, 36, 64, 66, 69, 
141, 168, 180, 189, 202, 203, 209, 214, 
223, 226 
Faucet and spigot joints for cast-iron 
pipes, 219, 220, 229, 230 

joints, steel, 238 

Feed- water for boilers, 157 

Ferrule, brass, for connecting main and 
service pipe, 268 

for connecting service pipe with 

main, without soldering, 268 

for use with machine for boring 

and tapping pipes under pres- 
siu-e, 271 

u 2 
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Ferrule, stop valve, 271 

Ferrules (pea), in service pipes, 254 

screw and tapered, for connecting 

main and service pipe, 268 

"screw-down" and "plug," for 

connecting service pipes with 

mains, 269 
Filling filter beds, 104 
Fater beds, 42, 43, 44, 45, 85, 92, 93, 94 
■ adding to number of, 22 

admission of water to, 110 

arrangement of, 98 

cleaning of, 112 

connection with settling reser- 

voirs and clean water or 
service reservoirs, 143 

depth of, 97 

distribution well for, 112 

• form of plan of, 96 

regulating the flow of water 

into. 111 

vertical section of, 102 

Filtered water for filling filter beds, 104, 

107 
Filtering beds, number of, 95 

— heating of water in, 101 

head, 101, 108 

speed, 94, 127, 130 

regulating, 104, 105 

Filter press for filtering off carbonate of 

lime after softening water by Clark's 

process, 123 
Filters, Pasteur's, 13 
Filtration area, 127 

best avoided when not neces- 

sary, 281 

natural, 124 

of water by sand, 13, 79 

theory of; 280 

through sand, 77, 78, 94 

theory of, 79, 280 

Fire-clay pipes, 219 

Fire extinction, boiler reserve necessary 
for, 207 

distribution systems suit- 

able for, 188 

provision for, 205 

provision of pumping, 

power for, 161 



Fire extinction, reserve of pumping power 
for, 206 
small mains to be pro- 
portioned with a view 
to fire extinction on/jf, 
202,209 

water to be provided for, 

189 
Fire hose, 189, 208, 210, 216 

— hydrants, 190, 193, 202, 209 

— — ball, sluice-valve and screw- 

down, 212 

— — form and size of, 209 

— — locating, 203, 209 

— -- prevention of freesing of, 

216 

— — requirements of, 209 

— — size of, 209, 216 

— — spacing and position, 208 

— — stand-pipe, 212, 213 

— — sunk and pillar, 209 

— insurance by waterworks, 45 

— jet nozzles, 216 

— provision against, by high pressure in 

water mains, 183 

— — in service or clean 

water reservoirs, 130 

— provision for in water-tower tanks, 135 
Fissuring of sand in filter beds, 103 
Flanged joints for cast-iron pipes, 219 

for steel pipes, steel flanged 

joints, 237 
Fla[yvalves for valve towers, 61 
Floating pipe for drawing off water firom 
settling reservoirs, 92 

pipes, 143 

Flood water in impounding reservoir, 68 
Floor of filter beds, 98 

of settling reservoirs, 87 

Flow of water in conduits, pipes, and open 
channels, 167 

m pipes, 177, 182 

Fluctuation in consumption of water, 19 
Flushing water-closets, 243 
Fly-wheel engines, 149, 155 

Form of cross section of covered conduit, 
174 

of open channels, 1 70 

of filter beds in plan, 96 



INDEX, 



293 



Foim of filter beds iu vertical seotion, 102 
of fire hydrants, 209 

of inlet and outlet pipes for settling 

reservoirs, 85, 92 

of settling reservoirs, 87 

Foundations for pumping engines, 163 

in earthquake countries, 274 

of earthwork dams, 51 

of masonry dams, 74, 51 

Fountains, drinking, 266 

Frankland's experiments in the filtering of 
water, 282 

Free foimdations for buildings in earth- 
quake countries, 275 

Freeman, Mr., 190, 208 

Freezing of hydrants, prevention of, 216 

of water in open channels, 171 

of water pipes, 240, 244 

Friction of water in pipes, 179 

Frost cases for hydrants, 216 

protection of pipes from, 244 



GALLERY for natural filtration, 125 
Gas engines for raising water, 165 
(rases dissolved in water, 12 
Gates on water pipes, 262 
Gauge for measuring quantity of water 

filtered, 107 
Gauging apparatus of Yokohama water- 
works, 247, 285 

springs, streams, and rivers^ 24 

Gearing for opening sluice valves, 264 

for pumping machinery, 154 

Geneva, lake of, 90 

Gill, Henry, on sale of water in Berlin, 260 

on regulation of filtering 

speed, 105 
Glasgow waterworks, 175, 177 
Glazed pipes, 168 
Grade line, hydraulic, 178 
Graphic method for determining capacity 

of reservoir, 37 
Gravel, coarse and fine for filtering, 97 

in filter beds, 99 

Gravitation waterworks, 42 
Gravity systems, 246 

Great earthquake of Japan (1891), 277 



" Gridiron " distribution system, 191, 284 
Gun metal for sluice valves, 263 



HAKODATE waterworks, Japan, 128 
Halske's water meter, 258 
Hardness of water, 11, 81 
Hart, I. W., 136 
Harwich sand for filtering, 97 
Hasegawa, Mr., 266 
Hassard, R., 176 

Hatanomura waterworks, Japan, 95, 168 
Hawksley, Sir John, formula for the 

capacity of storage reservoirs, 34 
Head of impounding reservoir, works at, 
54,67 

necessary to produce flow of water 

in pipes, 179, 183 

of water in filtering, 101, 108 

of water pumped against, 158 

Hemans, W., 176 

Hennell, Thomas, 27, 96, 148, 181 

Hexagonal open channel, 172 

High duty gear in pumping engines, 150 

' level impounding reservoirs and 

I intakes, 42 

! reservoir of the Tokyo 

waterworks, 204 

reservoir, pumping into, 

157,161 

tanks, 42 

pressure cylinders, 156 

engines, 152, 166, 162 

duty o^ 157 

Hoggin for filtering, 97 
Hongkong waterworks, 76, 76, 176 
Hongo reservoir, Tokyo, 204 
Hope, W., 241 

Horizontal pumps, 149 

Horse-power of pumping engines, 152, 

168 
Hose from hydrants, 208, 210, 216 

streams, 189 

Hot-air engines for raising water, 165 
House fittings, inspection of, 188, 243, 246 
House to house inspection, 245 
Houses, waste of water in, 241, 260 
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Humberts Water Supply^ v. 
Humio aoids as a solvent of lead, 279 
Hunyani-yados water, 11 
** Hurdy-gurdy" for raising water, 164 
Hydrant stand pipe, 212, 213 
Hydrants, ball, sluice valve, and screw 
down, 212 

fire, 190, 193, 202, 208 

form and size of, 209 

prevention of freezing of, 216 

requirements of, 209 

size of, 215 

spacing and position, 208 

sunk and pillar, 209 

Hydrate of lime for softening water, 121 
Hydraulic grade line, 168, 177, 178, 183, 

185 

gradient, 191 

mean depth, 170 

ram, 165 

test for pipes, 233 



ICE on open channel water, 171 
Ideal impounding reservoir, 33 
Idzu filtering sands, Japan, 100 
Impounding reservoirs, 46, 127 

(high level), 42, 43 

capacity of, 33 

in earthquake 

countries, 275 

sites for, 46 

Impurities in water, 10 

Increase of population, allowance for, 20, 

196 
Incrustation of pipes, 182, 283 

allowance for, 197 

Indicators, 159 
Inferential meters, 256 
Inlet pipes for settling reservoirs, 85, 89 
Inokichi, Professor A., vi. 
Inorganic matter in water, 10 
Inspection and repair of the valves of 
valve towers, 60 

of house fittings, 188, 242, 246 

of pipes, 230, 234 

Insurance against fire by waterworks, 

4,5 



Intake, high level, 42 

pumping station, 43, 45 

Intakes, low level, 43 

Integrating meter, 249 

Intercepting sewers, 201 

Interlacing distribution system, 191, 214, 

254, 284 
Intermittent service of water, 187, 242 

system of settlement of water, 

83,84 
Inverted syphon, 177 
Iron (cast) turnings for purifying water, 
118 

for pipe3, testing, 231 

for purifying water, 116 

(granulated cast), for purifying water, 

118 

magnetic, oxide of, for purifying 

water, 116, 

oxide of, in Japanese 

sands, 100 
metallic, action of, on water, 80 

for purifying water,' 116, 

117 

ores, action of, on water, 80 

oxide, magnetic, action of, on water, 

80 

spongy, action of, on water, 80, 81, 

281 

to be used in pipe casting, 230 

valve towers, 61, 63 

(wrought) for purifying water, 119 

Irrigation, provision for, 37, 38, 

Isar river, 9 

Ischia, 274, 275 

Italian regulations anent earthquakes, 

275 
Iwata, I., 168 



JAPANESE distribution system, 203 
filteiing sands, 100 

Japan, great earthquake of (1891), 277 

natural filtration in, 126 

Jenkin, Fleeming, 109 
Jet condensers, 151 
Johnstown, U.J^.A., 51 
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Joints for cast-iron pipes, flanged, spiggot, 
and faucet, turned and bored, and 
joints run with lead, 219, 220, 
221 

for steel pipes, 237 

of pipes, spherical, 223 



KENNEDY'S patent water meter, 258 
Kirkwood, James P., on regulation 
of filtering speed, 104 
Kobe waterworks, Japan, 200, 266 
Koch, Dr., 94 



LAGGING steam cylinders, 163 
Lakes as a source of supply, 24, 43 
Lancashire boilers, 164 
Lancet experiments in filtering water, 282 
Large mains, diameters of, 195 

sluice valves, 263 

steel pipes, 218, 236, 284 

Lead dissolved by humic acids, 279 
for service pipes, 267 

joints for cast-iron pipes, 221 

lined cisterns, 267 

pipes, 218 

Leakage from house fittings, 240, 245 

from mains, 241 

fix)m reservoirs, 40 

in pipes outside of houses, 246 



Leman, lake, 90 

Length of cast-iron pipes, 224 

of steel pipes, 237 

of stroke of pumps, 153 

Lime carbonates in water, 1 1 

caustic and hydrate for softening 

water, 121 

for softening water, 13, 82, 120, 

280 
nitrates in water, 11 

purification, 280 

sulphates in water, 1 1 

Line of pressure or resistance in masonry 

dams, 71 
Lines of pipes in earthquake countries, 274 
Lining of open channels, 173 



Lisbon, great earthquake at, 274 
Litmus paper, use of, as test for lime in 

softening water, 282 
Liverpool, district meter system in, 254 

waterworks, 74 

water tower, 136 

Locating fire hydrants, 203, 209 

hydrants, 203, 209 

Loch Katrine waterworks, 175, 177 
Locomotive boiler, 163, 164 
London, growth of, 1 

Sanitary Protection Association, 

results of inspections for, 188 

Loop pipes in distribution systems, 193, 

284 
Low-level intakes and service reservoirs, 

43 
— pressure cylinders, 156 



MAGNESIA carbonates in water, 1 1 
Magnesia nitrates in water, 11 
Magnesia sulphates in water, 1 1 
Magnetic " carbide," 282 

iron oxide, action of, on water, 

80 

oxide of iron for purifying 

water, 116, 282 

oxide of iron in Japanese sands, 

100 
Magnetite for purifying water, 116, 282 
Main, pumping directly with, 167, 158, 

161 
Mains, connection of service pipes with, 

267 
large, diameters of, 195 

leakage from, 241 

water pressure, 184 

Manilla, 274, 275 
Marine boilers, 163, 164 

engines, 154 

Masonry dams, 51, 52, 71 

, curved, 73 

for covered conduits, 176 

valve towers, 61 

Material for waterworks pipes, 219 
of masonry dams, 74 
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Materials for clean water or service reser- 
voirs, 133 

for settling reservoirs, 88 

for structures in earthquake 

countries, 278 

for the construction of covered 

conduits, 176 

Maximum consumption of water (monthly, 
daily, and absolute), 20 

discharge of streams, 31 

rainfall, 33 

Mean consumption of water, 20 

depth, hydraulic, 170 

depths of impounding reservoirs, 48 

discharge of stream, 30 

Means of preventing waste of water, 242, 

250 
Merryweather and Sons' hydrant, 210 
Metallic iron, action of, on water, 80 

for purifying water, 1 1 6, 117 

salts (poisonous) in water, 1 2 

Meter, Deacon's district, 250 

(domestic) system, 255 

house at reservoir dams, 63 

sale of water by, 188, 242, 266 

(district) system, 248 

water waste, 250 

Meters, 18 

district, 195 

with interlacing distribu- 

tion system, 254 

integrating and differentiating, 

249, 250 

positive and inferential, 266 

Mexican water supplies, 3 
Micro-organisms as a purifier of water, 9 

in water, 10, 13, 129 

removed from water by 

sand filtration, 79 
Milne, Professor John, vi., 273 
Minimum diameter of pipes for distribu- 
tion systems, 202 

flow of streams and rivers, 30 

provision of water for fire ex- 

tinction, 190 

rainfall, 33 

storage capacity for fire extinc- 

tion, 206 
Moji waterworks, Japan, 46, 47 



Molesworth's formula for thickness of 

pipes, 226 
Monolithic masonry dams, 75 
Monthly maximum consumption of water, 
20 
rainfall in graphic method of 

determining capacity of reservoirs, 39 
Morris's apparatus for boring and tapping 

pipes under pressure, 271 
Motors for raising water, 164 
Muir's cellular brick floor, 99 
Municipal work, supply of water a, 4 



NAGASAKI, determination of capacity 
of reservoirs at, 37 

waterworks, Japan, 44, 47, 

107, 128 
Natural filtration, 124 

streams, self-purification o^ 8 

New River Company, 100 

waterworks, 126 

York City waterworks, 72 

Niijima filtering sand, Japan, 100 
Nitrate of silver for testing water after it 

has been softened, 123, 282 
Nitrates of lime and magnesia in water, 1 1 
Nominal horse power, 159 
Non-condensing pumping engines, 161 
Notch-board for gauging, 26, 246 
Nozzles for fire jets, 216 
Number of filtering beds, 95 

of pumping enjrines to be adopted, 

147 

of settling reservoirs, 83 



OIL test for pipes, 234 
Open channels, construction of, 172 
Open channels, cross section of, 170 

duplicating, 22 

for distribution from set- 
tling reservoirs, <fec., 283 

velocity of flow of water in, 

169 
conduits, 167, 169 
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Open filters at Berlin waterworks, 94 

Organic matter in water, 10 

Osaka waterworks, Japan, 45, 108, 283 

_ — bacteriological 

examination 
of filtered 
water, 94 

pumping en- 

gines, 147 
Osumigori waterworlu, Japan, 95 
Outlet pipes for settling reservoirs, 85, 89 
Overflow for impounding reservoir, 54, 64 

pipe for settling reservoirs, 93 

pipes, 143, 145 

in houses, 243 

Overshot water wheels, 164 

Oxide of iron (magnetic) for purifying 

water, 116, 282 
Oxygen as a purifier of water, 9 



PADDY field water, 14, 16 
Partitions in settling reservoirs, 89 
Pasteur's filters, 13, 77 
Pea ferrules in service pipes, 254 
Peatiness in water, 15, 279 
Peaty water, action of, on lead, 279 
Pelton wheel for raising water, 164 
Penarth Dock station, water softening and 

filtering apparatus at, 121 
Percolation from reservoirs, 40 
Perimeter, wetted, 170 
Perth (Scotland), water supply of, 126, 

283 
Peruvian water supplies, 3 
Pettenkofer, Professor von, 9 
Pfeiffer, Dr., 9 
Piers of bridges in earthquake countries, 

276 
Pillar hydrants, 209, 216, 267 
Pipe casting, 230 

— foundries, Belgian, 231 

— inspecting, 230, 234 

— joints, spherical, 223 

— lines in earthquake countries, 274 

— service, of lead, 267 

— specifications, 230 



Pipe tenders, 231 

- testing, 233 

Pipes, boring and tapping under pressure, 

269 
bursting through freezing of water, 

244 

cast-iron, 230, 284 

Angus-Smith's composi- 

tion for, 232 

flanged and spiggot and 

socket joints, 219 

length of, 224 

table of thickness of, 228 

thickness of, 224 

weight of, 231 

conduits and open channels, flow of 

water in, 167 

discharge of water through, formulse, 

178 

duplicating, 22 

flow of water in, 177, 182 

for connecting settling reservoirs, 

filter beds, and clean water or 
service reservoirs, 143 

for discharge and overflow from 

houses, 243 
incrustation of, 182 

iron for, 230 

material of, 218 

of bamboo, 218 

of cast iron, 218, 219 

of lead, 218 

of stoneware, glazed and vitrified, 

168, 219 
of wood, 218, 235 

of wrought iron and cement, 219 

_ steel, 218, 236 

riveted steel, 235, 284 

special, T pieces and Y pieces, 229 

tables and diagrams of discharge of 

water in, 181 
protection of, from frost, 244 

water ram in, 225, 245 

wrought iron and steel, weight of, 

235 
Piston pumps, 148 

speed of pumps, 153 

Pitching inside slope of dam Avith stone, 
53, 69 
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Pitching top and outer slope of earthwork 

dams in earthquake countries, 275 
Pitch varnish for coating pipes, 232 
Pits, trial, for impounding reservoirs, 48 
Plan of filter beds, 96 

- of service or clean water reservoirs, 

130 
Plug ferrules for connecting service pipes 

with mains, 269 
Plumbers in Liverpool, 254 
Plumbing in houses, 245 
Plunger pumps, 148 

speed of pumps, 153 

Poisonous metallic salts in water, 12 
"Polarite" for purifying water, 80, 

116 
Population, increase of, allowance for, SJO, 

196 
Portland cement concrete for clean water or 
service reservoirs, 133 

mortar for masonry dams, 

74 
Position and spacing of hydrants, 208 
of inlet and outlet pipes for set- 
tling reservoirs, 85, 89 

of service or clean water reservoir, 

128 
Positive meters, 256 
Posts for drawing water at, 266 
Pownell, C. A. W., 277 
Practical profiles of masonry dams, 72 
Practical Sewage Purification^ 86 
Precipitation of sewage, 86 
Preliminary works on impounding reser- 
voirs, 47 
Pressure, line of, in masonry dams, 71 

of water in mains, 184 

Pressures of steam in pumping engines, 

155 
Prevention of freezing in hydrants, 216 

of waste of water, 239, 242 

Private waterworks, 3 

Profiles of masonry dams, practical and 

theoretical, 72 
Puddle apron, 69 

for settling reservoirs, 88 

in open channels, 173 

in the construction of clean water 

or service reservoirs, 133 



Puddle trench for earthwork dams, 53, 66, 
57 

wall for earthwork dams, 53, 68 

thickness of, 54 

with and without gravel, 59 



PuUen, W. W. Fitzherbert, 121 
Pulsometer pumps, 85, 163 
Pump, centrifugal, 148 

test for pipes, 233 

valves, 149, 159 

Pumping engine boilers, 163 

, diagramatic illustration 

of, with stand pipe, 141 
engines, 128, 149, 153 

condensing and non- 

condensing, 151 

direct and crank-shaft, 

149, 155, 162 

duty of, 154 

efficiency of, 207 

foundations of, 1 63 

high pressure, 152, 158 

horse-power of, 152 

number and type of^ 1 47 

simple, compound, triple 

expansion (or tri- 
compound) and qua- 
druple expansion, 161, 
156, 162 

types of, 149 

workmanship of, 163 

machinery, 134, 146, 201 

adding to, 22 

fittmgs for, 163 

testing duty of, 157 

varying speed of, 135 



power, reserve of, for fire extinc- 
tion, 206 

stations, 43, 44, 45, 201 

Tokyo waterworks, 204 

systems, 246 

waterworks, 42 

wells, 153, 168 

Pumps, air and circulating, for condensers, 
151, 162 

for settling reservoirs, 85 

plunges and piston, speed of, 153 

pulsometer, 85, 163 

length of suction of, 152 
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Pumps, single acting, double acting, and 

bucket and plunger, 148 
Purification of water, 77 

by iron, 116 

by lime, 13, 82, 120, 

280 
by oxygen and 

bacteria, 9 

by sand filtration, 77 

by settlement and 

sand filtration, 77 
Purifier, revolving (for causing iron to act 

on water), 119 
Purity of water, 13 



QUADRUPLE expansion engines, 161, 
152, 156 
Quaker-bridge dam, 72, 73, 74 
Qualities, different, of water, 6 
Quantity of water needed, 2 

of water to be provided, 17 



RAINFALL in graphic method of 
determining capacity 
of reservoir, 39 

maximum and minimum 

and average, 33 

phenomena of, 33 



Rain-water, 14, 16 
Ram, hydraulic, 165 
Ramming of water in pipes, 226, 265 
Rankine, Professor, 226 
Rankine's profile of masonry dam, 72 
Rate of filti-ation, 94, 127 
Rectiingular service or clean water reser- 
voirs, 131 

settling reservoirs, 87 

Red sandstone formation, 14 

Reducing valve for constant discharge, 

109 
Regulating filtering speed, 104, 106 

the discharge of water from 

reservoirs with masonry 
dams, 76 



Regulating the flow of water into filter 

beds. 111 
Regulator valve for water-closets, 243 
Removal of surftice vegetable soil from 

site of dam, 55 
Repair of the valves of valve towers, 60 
Repairs to distribution pipes, 191 
Reserve of boiler power for cases of fire, 
207 

of pumping power for fire extinc- 

tion, 206 
Reservoir area, burning vegetation within, 
69 

capacity, adding to, 22 

capacity of, determined graphi- 
cally, 39 

elevated, 207 

high level, pumping into, 157 

161 

roofs in earthquake countries, 275 

works at head of, 67 

Reservoirs, impounding, 46 

settling and service, 42, 43 

in earthquake countries, 274 

of Tokyo waterworks, 204 

service or clean water, 127 

storage capacity of, 33 

Resistance, line of, in masonry dams, 71 

Retaining walls for settling reservoirs, 88 

of reservoirs in earthquake 

countries, 274 

Revolving purifier, for causing iron to act 
on water, 119 

Rhone river, 90 

Rice-field water, 14, 16 

Rice fields, 7 

Riley joint for steel pipes, 238 

River Pollution Commissioners, classifica- 
tion of waters by, 14 

River water to which sewage gains access, 
14,16 

Rivers as source of supply, 24, 43 

gauging, 24, 28 

minimum flow of, 30 

Riveted wrought-iron and steel pipes, 
218, 236 

Roman water supplies, 3 

Roofing of clean water or service reservoirs, 
132 
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Roofs in earthquake countries, 277 

of reservoirs, arched, in earthquake 

countries, 275 

Rosebank ironworks, Edinburgh, 184 

Rubble, concrete, for dams, 75 
for masonry dams, 74 

" Rusting " turned and bored joints, 220 



SAFETY valves for mains, 264 
Sakamoto, J., 108 
Sakuma, K., 61 
Sal ammoniac for turned and bored pipe 

joints, 220 
Sale of water by meter, 188, 242, 256 
Samples of water, taking for analysis, 8 
Sand bed of filters, thickness of, 100 

filtration, 13, 94 

filtration, best avoided when not 

necessary, 281 

for purifying water, 77, 

78 

theory of, 79 

for filters, 100 

silicious for filtration, 282 

washing, 113 



Sanitaiy considerations, 129 

Sanitary Protection Association, results of 

inspections for, 188 
Scott, General A. de C, 105 
Scouring pipe for settling reservoirs, 93 
Screw-down ferrules for connecting service 
pipes with mains, 269 

hydrants, 212, 214, 217 

safety valves, 265 

stop valve, 262 

Screw ferrules for connecting main and 

service pipe, 268 
Section of clean water or sei-vice reservoir, 
131 

of earthwork dam, 54 

of settling reservoirs, 87 

Seismological Society of Japan, 278 
Self-closing valves for stand-posts, 267 
Self-purification of natural streams, 8 
Service of water, constant and inter- 
mittent, 187, 242 
Service or clean water reservoirs, 42, 43, 
44, 89, 127, 132 



Service or clean water reservoirs, capacity 
and posit ion of, 128 
connection with set- 
tling reservoirs and 
filter beds, 143 

form of, in plan, 130 

materials for, 133 

rectangular and cir- 

cular, 131 
section of, 131 

pipe, lead, 267 

pipes, connection of with mains, 

267 
of wrought iron, 267 

reservoirs, low level, 43 

Selected material for reservoir dams, 55, 

69 
" Settmg up" lead joints, 221 
Settlement, constant and intermittent, 84 

for purifying water, 77 

of lime, 283 

Settling reservoirs, 42, 43, 45, 83 

reservoir at head of impounding 

reservoir, 69 
-^ — form of, 87 

depth of, 83 

materials of, 88 

number of, 83 

- — positions of pipes, 89 

section of, 87 

Sewage, effect of, on pipes, 236 

in river water, 9, 13 

precipitation, 86 

Sewers, 167 

intercepting, 201 

Shallow settling reservoirs, 84 

wells, 1 

well water, 14, 16 

Shanghai waterworks, water tower at, 136 
Shiba reservoir, Tokyo, 204 
Shikene filtering sand, Japan, 100 
Shimonoseki waterworks, Japan, 44, 47, 

200 
Shunk, William F., 73 
Shunt meter, 286 

Sides of filter beds, vertical and sloping, 
102 

of settling reservoirs, 88 

Siemens and Halske's water meter, 258 
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Silica in sands for filtration, 100 

Silicated carbon filters, 282 

Silicions sand for filtration, 282 

Sill of waste weir, 65 

Silting up of reservoirs, 67 

Silver nitrate for testing water after it has 

been softened, 123, 282 
Simple pumping engines, 151 
Single acting piunps, 148 
Sinks, discharge pipes of, 244 
Slagg, Charles, 49 
Slate roofs for clean water or service 

reservoirs, 132 
Sleeve for pipes, 229 
Sliding of earthwork dam, possibility of, 

70 
Sloping sides for filter beds, 102 

of settling reservoirs, 88 

■ walls of reservoirs in earthquake 

countries, 274 
Sluice valve hydrants, 212, 213 

valves, 143, 262 

for valve towers, 61 

large^ gearing for opening, 

264 

on distribution pipes, 191, 

194 
Small engines, duty of, 159 

mains, diameters of, 202 

Smith's (Angus) composition, 232, 283 
Snow as affecting the flow of rivers and 

streams, 280 
Soap test for hardness of water, 1 1 
Socket and spiggot joints for cast-iron 
pipes, 219, 220, 229, 230 

joints, steel, 238 

Sodium carbonate for softening water, 122 
Softening water by the use of lime, 82, 

120 
Soldered joints for pipes, 268 
Source of supply, sufficiency of, 24 
Southampton water-softening apparatus, 



Spacing and position of hydrants, 208 
Spare filter beds, 95 
Special pipes, 229 

provision for the extinction of fire, 

205 
Specifications for pipes, 230 



Specifying for pumping machinery, 162 
Speed of filtration, 94, 127, 130 

regulating, 104, 105 

of piston or plunges of pumps, 153 

of pumping engines, controlling, 

161 
machinery, variation 

in, 135 
Spence, Peter, and Sons, 86 
Spencer, Thomas, 282 
Spherical pipe joints, 223 
Spiggot and faucet joints for cast-iron 

pipes, 219,220, 229, 231 
Spongy iron, 117, 118 

action of, on water, 80, 81, 281 

Spring safety valves, 265 

water, 414 

Springs, gauging, 24 

under dams, 56 

Stability of a masonry dam, 71 

of earthwork dam, 54 

Standard of measurement of water, 17 
Stand-by pumping power, 45, 128, 135, 

146, 161, 207 
Stand pipe for drawing off water fi*om 
settling reservoir, 92 

— — for hydrants, 212, 213 

— pipes, 137, 139, 143, 201 

— — and mains, 157, 161 

— — pumping into, 157, 162 

— posts, 266 
Stanford pipes, 168 

Steam jacketing of engines, 162 

pressures in pumping engines, 155 

temperature of, 154 

Steel and wrought-iron pipes, weight of, 
235 

for purifying water, 119 

pipes, 218, 235, 284 

joints of, 237 

length of, 237 

socket joints, 238 

Stevenson's wave-height formula, 65 
Stone and Co., London, 271 
Stone-pitching for inside slope of dam, 
53,59 

for open channels, 173 

Stoneware pipes, 167, 219 

for draining filter beds,* 99 
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Stop-cocks on service pipes, 251 
Stop valve ferrule, 271 

— screw-dowD, 262 

Storage capacity of reservoirs, 33 

— — extra for fire extinction, 205 

reservoirs, 24 

Stored rain water, 1 4, 16 
Strasburg cathedral, 184 
Stream as source of supply, 43 
Streams, gauging, 24, 28 

minimum flow of, 30 

Stroke of pumps, length of, 153 
Sub-insular water, 283 
Suction of pumps, 162, 158 
Sufficiency of source of water supply, 24 
Sulphates in water, 122 

of lime and magnesia in water, 

11 
Sunk hydrants, 209, 217 

reservoir in earthquake countries, 

274 
Sunning sand of filter beds, 282 
Surface condensers, 151, 162 

water from cultivated lands, 14, 

16 

vegetable soil, removal of from 

site of dam, 55 

Survey for impounding reservoir, 48 
Suspended inorganic matter in water, 10 

matter in natural streams, 67 

organic matter in water, 10, 12 

Suspicious waters, 14 

Syphon for emptying reservoirs, 58, 61, 



inverted, 177 
well, 62, 63 



TABLE of thickness of cast-iron pipes, 
228 
Tables of discharge of water in pipes, 181 
Taff vale railway company, water-softening 

at station of, 121 
Tamagawa canal (Tokyo, Japan), 3 
Tank, high level, pumping into, 157, 161 
Tanks, elevated, 134, 147, 201, 207, 421 



I Tanks, elevated, in earthquake countries* 
I 277 

I Tapered ferrules for connecting main and 
service pipe, 268 
Tapping and boring pipes under pressure, 

269 
Taps and valves in houses, 243, 245 
, Tar varnish for coating pipes, 232 
Taylor, E. Brough, 181 

G. Midgley, 181 

Taylor's water-pipe discharge diagrams, 196, 

199 
Telescopic tube for regulating filtering 
speed, 107 

hydrant, 211 

Temperature of steam, 154 

of water as affecting action 

of settling reservoirs, 89 
Tenders for pipes, 231 
Tensile strength of cast iron, 227 
Test for water after it has been softened, 

123 
Testing iron for pipes, 230 
pipes, 233 

the duty of pumping machinery, 

162 
Theoretical profile of masonry dam, 72 
Theory of filtration, 280 

of sand filtration, 79 

Thickness of cast-iron pipes, 224 

table of, 228 

of puddle wall, 54 

of sand bed of filters, 100 

of top of masonry dam, 72 

of wrought-iron and steel pipes, 

235 
Three-throw pumping engines, 160, 153, 

156, 162 
Tile roofs for clean water or service 

reservoirs, 132 
Tokyo, distribution system of waterworks, 
204 

waterworks, 108, 283 

(old), 8 

open channel, 173 

pumping engines, 147 

pumping system, 161 

Tower, valve, 53, 54, 57, 58, 69 
for masonry dams, 76 
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Towers, water, 134 

in earthquake countries, 

276, 277 
T pieces for pipes, 229 
Trench under dam for discharge pipe 

from reservoirs, 56 
Trial borings for impounding reservoirs, 
47 

pits for impounding reservoirs, 48 

Tri-compound engines, 161, 156, 164 

duty of, 157 

Tri-compounding of engines, 155 
Trimethylamine in sand of filter beds, 282 
Triple expansion engines, 161, 156, 164 

duty of, 157 

Trumpet-mouthed pipe for admitting water 

to filter beds, 
111 
tubes for regulating fil- 
tering speed, 
107 

Tubercles in pipes, 284 

Tubulous or water-tube boilers, 164 

Tunnel conduits, 167 

for discharge pipes from reservoirs, 

56,58 

for natural filtration, 125 

through masonry dams, 76 

Tunnels (water) through impervious rock, 

175 
Turbines for raising water, 164 
Turf for top and outside slope of dam, 

53 
Tiuned and bored joints for cast-iron 

pipes, 220 
Turner, J. H. T., v., 247 
Types of pumping engines to be adopted, 

147, 149 
Typical system of waterworks, 143 
Tytam waterworks, Hongkong, 76, 76, 176 



UNGLAZED earthenware filters, 77 
Upland streams as a source of sup- 

ply, 24 

Upland surface water, 14 
Usui Pass bridge, Japan, 277 



VALVE for regulating the flow of water 
into filter beds, 1 1 1 
Valve-house at reservoir dam, 63 

for impounding reservoir, 53 

for masonry dams, 76 

Valve, automatic, for regulating filtering 

speed, 108 

tower, 43, 53, 57, 58, 69 

for masonry dams, 76 

Valves, air, 264 

and taps in houses, 243, 245, 257 

of pumps, 149, 159 

on by-passes, 206 

self-closing, for stand-posts, 267 

sluice, 262 

Variable expansion gear, 159 

Varnish for coating pipes, 232 

Velocity of flow in drains of filter beds, 

99, 102 

of water in covered con- 

duits, 174 

in open chan- 

nels, 169 

in pipes, 179 



Vena contracta, 285 

Ventilation of drains of filter beds, 102 
Veuturi tube meter, 285 
Vertical casting of pipes, 232 
pumps, 149, 153 

section of filter beds, 102 

sides for filter beds, 102 

Vitrified pipes, 168 

Vymwy reservoir, 74, 76 {and see Frontis- 
piece) 



WALKER'S patent sand-washer, 113 
Walker, Thomas, 133 
Walls in earthquake countries, 277 
Warning pipes, 244 
Washing sand, 113 
Waste of water, 18 

cause of and prevention, 

239,242 

in houses, 241, 260 

with constant service, 188 

Waste pipes, 143, 145 

from houses, 243 
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Waste weir for masoniy dams, 75 
for reservoir, 54, 64 

passing over dam, 64 

length and depth o^ 66 

Water analysis, 6 

closets, 43, 44, 45, 239 

dischai^e of in pipes (tables and 

diagrams of), 181 

flow of, in conduits, pipes, and open 

channels, 167 
in pipes, 177 



gauge (Turner's), 247 

how admitted to filter beds, 110 

meters, 18 

- motors for raising water, 164 

over sand in filter beds, 98 

pressure in mains, 184 

quantity evaporated by coal, 156 

rain, in pipes, 205, 225, 245 

- selling by meter, 188, 242, 266 

to be provided for extinction of 
fires, 189 
~ - towers, 134, 139, 147 

— in earthquake countries, 

276, 277 

tube or tubulous boilers, 164 

velocity of flow in pipes, 179 

waste, cause of and prevention, 239, 
242 

meter, 250 

Water-waste preventing appliances, 242 

cistern, 243, 244 

Waterworks, site of, in earthquake coun- 
tries, 224 
typical system of, 143 



W^aves caused by earthquake motion, 67, 
276 

in impounding reservoirs, 65 

in relation to masonry dams, 72 

Wells, pumping, 153, 168 

shallow, 1 

Welsh coal, 156 

Weigmann, Edward, Jr., 71, 72 

West, C. D., vi 

Wet and dry well-valve towers, 60 

Wetted perimeter, 170 

Wheels, water, 164 

Wholesome waters, 14 

Wiped joint for lead pipes, 268 

Wood, James B., 27 

Wooden pipes for waterworks, 2, 3, 18, 235 

Wrought-iron and steel pipes, 218, 236 

tanks for water-towers, 136 

service pipes, 267 



YODOBASHI reservoir, Tokyo, Japan, 
204 
Yokohama waterworks, effect of earth- 
quake oo, 67 

gaugingapparatus 

at, 247, 285 
Yoshimura, C, 37 
Y pieces for pipes, 229 



ZERO, absolute, temperature of steam 
as measured from, 154 



THE END. 
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D. K. Clark's Pooket-Book for Meohanloal £ngineer8. 

The Mechanical Engineer's pocket-book of Tables, 

FORMULiE, Rules, and Data : A Handy Book of Reference for Daily Use in 
Englneeriiiff Practice. By D. Kinnear Clark, M. Inst. C.E., Author of 
** Ridlway Machinery," ** Tramways/' &c. Second Edition, Revised and Enlarged, 
Small 8vo, 700 pages, 9^. bound in flexible leather covers, with rounded comers and 
gilt edges. 

Summary of Contents. 

Mathbmatical Tablbs.— Mbasurbubnt op Surfacbs and Solids.— English Weights and 
Measures. — French Metric Weights and Measures.— Foreign Weights and Measures. — 
Moneys.— Specific Gravity, Weight and Volume.— Manufactured Metals.— Steel Pipes.— 
Bolts and Nuts.— Sundry Articles in Wrought and Cast Iron, Copper, Brass, Lead, Tin, 
Zinc. — Strength of Materials. — Strength of Timber.- Strength of Cast Iron. — Strength 
•of Wrought Iron.— Strength of Steel.— Tensile Strength of Copper, Lead, etc.— Resist- 
ance OF Stones and other Building Materials.— Riveted Joints in Boiler Plates. — Boiler 
Shells. — ^Wire Ropes and Hemp Ropes.— Chains and Chain Cables. — Framing.— Hardness of 
Metals, Alloys and Stones.— Labour of Animals.— Mechanical Principles.— Gravity and Fall 
•OF Bodies. — Accelerating and Retarding Forces.— Mill Gearing, Shafting, &c. — ^Transmission 
OF Motive Power.— Heat. — Combustion: Fuels.— ^Warming, Ventilation, Cooking Stoves. — 
Steam.— Steam Engines and Boilers.— Railways.— Tramways.— Steam Ships.— Pumping Steam 
Engines and Pumps. — Coal Gas, Gas Engines. Ac. — Air in Motion.— Compressed Air. — Hot Air 
Engines.- Water Power.— Speed of Cutting Tools.— Colours.-Elbctrjcal Engineering. 

*»* Opinions of the Press. 

" Mr. Clark manifests what is an innate perception of what is likelj to be osefol in a pocket- 
book, and he is really unrivalled in the art of condensation. Very frequently we find the informatioa 
on a given subject is supplied by giving a summary description of an experiment, and a statement ol 
the results obuined. There is a very excellent steam table, occupying five-and-a-half pages ; and there 
are rules Kiven for several calculations, which rules cannot be found in other pocket-books, as, for 
example, that on page 497, for getting at the quantity of water in the shape of priming in any known 
freight of steam. It is very (ufficult to hit upon any mechanical engineering subject coneemiDg 
vrhich this work supplies no information, and the excellent index at the end adds to its utility. In 
one word, it is an exceedingly handy and efficient tool, possessed of which the engineer will be 
saved many a wearisome calculation, or yet more wearisome hunt through various text-books and 
treatises, aiid, as such, we can heartily recommend it to our readers, who must not run away with 
the idea that Mr. Clark's Pocket-book is only Molesworth in another form. On the contrary, each 
contains what is not to be found in the other ; and Mr. Clark takes more room and deals at more 
length with many subjects than Molesworth possibly could."— TAf Bnginur. 

" It would be found difficult to compress more matter within a similar compass, or produce a book d 
6^0 paces which should be more compact or convenient for pocket reference. • • . Will be appre- 
ciated by mechanical engineers of all c\ai*ses.**— Practical Engiiuer. 

" Just the kind of work that practical men require to have near to them"'—SM^!isk Mechamic* 
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MR. HUTTO N'B PRACTICAL H ANDBOOKS. 

Handbook for Works' Managers. 

The WORKS' MANAGER'S HANDBOOK OF MODERN RULES. 
Tables, and data. For Engineers, Millwrights, and Boiler Makers; Tool 
Makers, Machinists, and Metal Workers ; Iron and Brass Founders, ^. "By 
W. S. HuTTON, Civil and Mechanical Engineer, Author of "The Practical En- 

8'neer's Handbook/' Fourth Edition, carefully Revised and partly Re- written. In 
ne handsome Volume, medium 8vo, price 15/. strongly bound, 
nr The Author havinji compiled Rules and Datajor his own use in a great varietj^ 
of modem engineering work, and having found his notes extremely useful, decided to- 
Itublishthem — revised to date — believing that a practical work, suited to the DAILY RE- 
QUIREMENTS OF MODERN ENGINEERS, would be Jovourobfy received. 

In the Fourth Edition the First Section has been re-written and improved by the 
addition of numerous Illustrations and new maiUr relating to Steam Engines amct 
Gas Engines. The Second Section has been enlarged and Illustrated^ a fid throughout 
the book a great number of emendations a$ul alterations have been made^ with the object 
of rendering the book more generally useful, 

*»* Opinions of the Press. 

. " The author treats erery nitject from the point of view of one who has cotlected workshop notes for 
applicatk>n in workshop practice, rather than from the theoretical or literanra»pect. ThaToliune contains 
a great deal of that kind of informatioo which is gained only by practical experience, and is seldom wriuen* 
in books." — Engineer, 

" The Tolume is an exceedingly useful one, brimful with enfl:ineers' notes, memoranda, and rules, amb 
well worthy of being on every mechanical engineer's bookshelf. —il/«rA4MW«/ iVcrld, 

" The information is precisely that likely to be required in practice. . . . The work forms a de- 
sirable addition to the library not only of the works' manager, but of anyone connected with gencrali 
engineering.'*— ^iVuNyr y»umml, 

'* A formidable mass of facts and figures, readily accessible through an elaborate index. . . . Such 
a volume iriH be found absolutely necessary as a book of reference in all soru of * works ' connected with* 
the metal trades."— ^j^/aw^'* Iron Trades Circular. 

** Brimful of useful information, stated in a condse form, Mr. Hutton's books have met a preesine: 
want among engineers. The book must prove extremely useful to every practical man possessing a 
coigy**—Pructicai Engineer, 

New Manual for Practical Engineers. 

The practical engineer's Handbook, Comprising a 

Treatise on Modem Engines and Boilers, Marine, Locomotive, and Stationary. 
And containing a large collection of Rales and Practical Data relating to recent 
Practice in Designing and Constructing all kinds of Engines, Boilers, and other 
Engineering work. The whole constituting a comprehensive Key to the Board of 
Trade and other Examinations for Certificates of Competency in Modem Mechanicat 
Engineering. By Walter S. Hutton, Civil and Mechanical Engineer, Author of 
•*The Works' Manager's Handbook for Engineers," &c With upwards of 370 
Illustrations. Fourth Edition, Revised, with Additions. Medium 8vo, nearly 50c. 
pp., price i8x. strongly bound. 
(^ This work is designed as a companion to the Author's •« WoRKS* Manager's- 
Handbook." It possesses many new and original features^ and contains^ like its prede- 
cessor^ a quantity of matter not originally intended for publication^ but collected by thr 
Author for his oum use in the construction of a grecU variety of Modern Engineering- 
Work. 

The information is given in a condensed and concise form^ and is illustrated by up- 
wards of 370 IVoodculs; and comprises a quantity of tabulated nuttter of great value to alT 
engaged in designing, constructing, or estimating for Engines, Boilers, and other 
Engineering Work. 

*»* Opinions of the Press. 

«• We have kept it at hand lor several weeks, referring to it as occasion arose, and we have not on » 
•ingle occasion consulted iu pages without finding the information of which we were in quest.*' 
Athtnctum, ... , 

" A thoroughly good practical handbook, which no engineer can go through without learning some- 
thing that will he of serrice to him.** — Marine Enginter, 

^' An excellent book of reference for engineers, and a valuable text-book for studenU ot engineer- 
v^Z.^ Scotsman, , . . . • % 

•• This valuable manual embodies the results and experience of the leadinR authorities on mechanical 
engineering."— i^irtTrfiVrr News. 

"The author has collected together a surprismg quantity of rules and practical daU, and has shown 
much judgment iu the selections he has made. . . . There is no doubt that this book is one of the 
most useful of its kind published, and will be a very popular compendium.'* — Engineer. 

" A mass of information, set down in simple language, and m such a form that it can be easily referred 
to at any time. The matter is uniformly good and well chosen, and is greatly. elucidaied by the 
illustrations. The book will find its way on to most engineers' shelves, where It will rank as one of the 
most useful books of reference."— /»«»f/»V:<i/^«fwr#r. 

'• Full of useful information, and should be found on the office shelf of all pcactcal engineers." — 
English Mechanic. 
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MB. HUTTON'S PRACTICAL KiLSDBOOKB-coniinued. 



Fraotioal Treatise on Modern Steam-Boilera. 

Steam boiler Construction, a Practical Handbopk, for 

Eneineers, Boiler-Makers, and Steam Users. Containing a larg^e Collection of 
Rules and Data relating to Recent Practice in the Design, Construction, and Work- 
ing of all Kinds of Stationary, Locomotive, and Marine Steam-Boilers. By Walter 
S. HUTTON, Civil and Mechanical Engineer, Author of ** The Works' Manager';; 
Handbook,*' ''The Practical Engineer's Handbook," &c With. upwards of 300 
Illustrations. Second Edition, medium 3vo, 18/. cloth. 

%9r This Work is issued in continuation of the Series of Handbooks written by 
/A/ ^i^i4i?r, «n«;—** The Works* Manager's Handbook" and **The Practical 
Engineer's Handbook," which are so highly appreciated by Engineers for the practical 
nature ef their information ; and is consequently written in the same style as those works. 
The Author believes that the concentration, in a convenient form for easy reference , 
of such a large amount of thoroughly practical informcUiou on Steam- Boilers ^ will be of 
considerable service to those for whom it is intended, and he trusts the book may be deemed 
worthy of as favourable a reception as Ims beeH accorded to its predecessors ^ 

*»• Opinions of the Press. 

** Every detail, both in boiler design and manafement, is cleirlr laid before the reader. Thevoluitie 
•Hows that boiler onntructioQ has been reduced to the condition of one of the most exacc science* ; and 
such a book is of the utmost value to the ftm dt siicU Engineer and Works' Manager."— ^«rif»^ 
Amginetr, . 

" There has long been room for a modem handbook on steam boilers ; there is not that room now., 
because Mr. Huttoo has lilled it. It is a thorouKhl/ practical bpok for those who are occupied in the- 
construction, design, selection, or u^ of boilers." — Engineer . 

" The book is of so important and comprehensive a character that it must find its way into the 
libraries of every one interested in boiler usmg or boiler manufacture if they wish to be thoroughly in-> 
formed. We stronglv recommend the book for the intrinsic value of its covk\^n\%y —Machinery Markets. 

*'The value of this book can hardly be over-estimated. The author's rules, formUix, &c., are al( 
very fresh, and it is impossible to turn to the work ahd not find what you want. No practical engineer- 
Should be without it."— C^V^lvr^ C;MmfiaM. 

Mutton's "Modernised Templeton.'- 

The Practical mechanics* Workshop Companion. Com^ 

prising a great variety of the most useful Rules and Formulae in Mechanical 
Science, with numerous Tables of Practical Data and Calculated Results ior 
Facilitating Mechanical Operations. By William Templeton, Author of 
"The Engineer's Practical Assistant," &c. &c Sixteenth Edition, Revised, 
Modernised, and considerably Enlarged by Walter S. Hutton, C.E., Author of 
••The Works* Manager's Handbook." "The Practical Engineer's Handbook," 
&c. Fcap. 8vo, nearly 500 pp., with 8 Plates and upwards of 250 Illustrative 
Diagrams, dr. strongly bound for workshop or pocket wear and tear. 

*»• Opinions of the Press. 

*'In its modernised form Hutton*s ' Templeton ' should have a wide sale, for it contains much 
valuable information which the mechanic will oiten find of use, and not a few tables and notes which he 
night look for in vain in other works. This modernised edition will be appreciated by all who have learned 
to value the original editions of 'Temp'eion.' " — English Mechttnic, ^ ' 

** It has met with gr^at success in the engineerin|; workshop, as we can testify ; and there are a> 
great many men who, in a great measure, owe their rise in life to this little book.' — BuiUling News. 

** This familiar text* book— well known to ^11 mechanics and engineers— is of essential service to the 
evcry-day requirements of engineers, millwrights, and the various trades connected with engineering 
and building. The new modernised edition is worth its weight in gelid,'*— Butiding News, (decond 
Notice.) 

** This well-known and largely-used book contains information, brought up to date, of the sort so 
useful to the foreman and draughtsman. So much fresh information has been introduced as to constt* 
tute it piactically a new book. It will be largely used in the office and workshop." — M€chanical Wor/d. 

'* The publishers wisely entrusted the task of revision of this popular, valuable, and useful book 10 
Mr. Hutton. than whom a more competent man they could not have found." — Iron. 

Templeton' s Engineer's and Machinist's Assistant 

THE ENGINEER'S, MILLWRIGHTS, AND MACHINIST'S PRAC- 
TICAL ASSISTANT. A collection of. Useful Tables, Rules, aiTd Data. By 
William Templeton. Seventh Edition, with Additions. i8moi zr. 6d. cloth. 

%* Opinions of the Press. 

" Occupies a foremost place among books of this kind. A more suitable present to an apprentice to 
any of the mechanical trades could not possibly be made.** — Building News. 

*' A deservedly popular work. It should be in the * drawer ' of every mechanic.**— £'MSp/.>A Mechanic 
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Foley's Office Reference Book for Mechanical Engineers. 

THE MECHANICAL ENGINEER'S REFERENCE BOOK, for Machine 
and 3oiler Construction. In Two Parts. Part I. General Engineeukg 
Data. Part II. Boiler Construction, With 51 Plates and numerous lUui- 
trations. By Nelson Foley, M.I.N. A. Folio, £$ $/. half-bound. 



Summary of Contents. 
PART L 

Cbmteb and Radius op Gyration. 

IfOMBNT OP InBRTIA. 

Cbntrb op Oscillation. 

Blbctricity. 

Strbnotm op M ATBRIAL8. 

Elasticity. 

Tbst Shbbts op Mbtals. 

Friction. 

Transmission op Powbr. 

Flow op Liquids. 

Flow op Gasbs. 

Air Pumps, Surfacb Condbnsbbs, Ae. 

Spbbd op Stbamships. 

Propbllbrs. 

CuTTiNo Tools. 

Flanobs. 

CoppBR Shbbts and Tubbs. 

ScRBws, Nuts. Bolt Hbads, fte. 

Various Rbcipbs and Miscbllanbous Mattbk. 



Mbasurbs. 

CiRCUMPBRBNCBS AND ARBAS, ftC, SqUARBS, 

Curbs, Fourth Powbrs. 
Squarb and Curb Roots. 
SuRPACB OP Tubbs. 
Rbciprocals. 
Logarithms. 
Mbnsuration. 

Spbcipic Gravitibs and Wbights. 
Work and Powbr. 
Hbat. 

combustiom. 

Expansion and Contraction. 
ExPANsioM OP Gasbs. 
Stbam. 

Static Forcpr. 
Gratitation and Attraction. 
Motion and Computation op Rbsultino 

FORCBS. 

Accumulatbd Work. 

With DIAGRAMS por Valvb-Gbar. Bblting and Ropbs. Dischargb and Suction Pipbs 
ScRBW Propbllbrs, and Coppbr Pipbs. 



PART n. 



Trbating op, Powbr op Boilbrs. 

UsBPUL Ratio A. 

NoTBS ON Construction. 

Cylindrical Boilbr Shblls. 

Circular Furnacbs. 

Flat Platbs. 

Stays. 

GiRDBRS. 



SCRBWS. 

Hydraulic Tbsts. 

RiVBTING. 

Boilbr Sbttinc, Chimnbys, and Mountings. 
FUBLS, ftc. 

ExAMPLBS op Boilbrs and Spbbds op Stbam- 
ships. 
Nominal and Normal Horsb Powbr. 



With DIAGRAMS for all Boilbr Calculations and Drawings of many Varibtibs of Boilbrs. 
•«• Opinions of the Press. 

" This RDpears to be a work for which there should be a larf e demand on the part of mechanical 
'engineers. It is no easy matter to compile a book of this class, and the labour involved is enormous, 
rparticularly when — as the author informs us— the majority of the tables and diagrams have been 
specially prepared for the work. The diagrams are exceptionally well executed, and generally 
constructed on the method adopted in a previous work bv the same author. . . The tables ate 
very numerous, and deal with a greater variety of subjects than will generally be found in a work of 
•iiils kind ; they have evidently been compiled with great care and are imusually complete. All the 
information ^ivrn appears to be well up to date. ... It would be quite impossihle within the 
limits at our disposal to even enumerate all the subjects treated ; it should, however, be mentioned 
that the author does not confine himself to a mere bald statement of formula and laws, but in very 
many instances shows succinctly how these are derived. . . . The latter part of the book is 
•devoted to diagrams relating to Boiler Construction, and to nineteen beautifully-executed plates ot 
working drawinn of boilers and their details. As samples of how such drawings should be f^ot out, 
•they may be coi-dially recommended to the attention of all young, and even some elderly, engineers. 
. . . Altogether the book is one which every mechanical engineer may, with advantage to himself 
add to his \ihnTy,"-'lHdustries. 

** Mr. Foley is well fitted to covptle such a work. • • . The diagrams are a great feature of the 
work. . . . Regarding the whole work, it mav be very Curly stated that Mr. Foley has produced a 
volume which will undoubtedly fulfil the desire of the author and become indispensable to all medumical 
engineers." ~^arri«« Bttgitutr, 

** We have carefully examined this work, and pronounce it a most excellent r ef erence book for the 
use of nuuine engineers."— TiM^rMtf/tf/ Atturicam SocUtf cf Nmoml EngiuMrs. 

" A veritable monument of industry on the part of Mr. Foley, who has succeeded in producing what 
is simply invaluable to the engineering pro(e$$ioa,"^Sttamskt/, 

Coal and Speed Tables. 

A POCKET BOOK OF COAL AND SPEED TABLES, for Engineers 
and Steain--users. By Nelson Foley, Author of •* The Mechanical Ei^eer's 
Reference Book." Pocket-size, 3^. 6d. cloth. 

'* These tables are designed to meet the requirements of everyday use : they are of sufficient scope 
for most practical purposes, and may be commended to engineers and users of steam."— /r9». 

" Thu pocket-book well meriu the attention of the practical engineer. Mr. Foley has compiled a 
very useful set of tables, the information contained in which is firequently required by engineers, coal 
consumefs, and users of steam."~/nMi mnd C^ml Trmdts Rtvitw, 
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Steam Engine. 

Text-Book on the Steam ENCSINE. Wuh a Supplement on 
Gas Engines, and Part II. on Heat Engines. By T. M. Goodeve, M.A., 
Barrister-at-Law, Professor of Mechanics at the Royal College of Science, London ; 
Author of "The Principles of Mechanics," "The Elements of Mechanism/' 
&c. Twelfth Edition, Enlarged. With numerous Illustrations. Crown 8vo, 
6f. doth. 

" ProfcMor Goodeve has given us a treadse on the steam engine, which will bear comparison with 
anything written by Huxley or Maxwell, and we can award it no higher praise.** — Engmter. 

** Mr. Goodeve's text-book is a work of which every young engineer should possess himself/'— 
Mimim£ Journal, 

Gas Engines. 

On Gas Engines, with Appendix describing a Recent Engine with 
Tube Igniter. By T. M. Goodeve, M.A, Crown 8 vo, 2s. 6d, cloth. [Just published. 
** Like all Mr. Goodeve's writings, the present is no exception in point of general excellenoe. It is 
a raluaUe litUe yiohime^'—Meckanical iyarid. 

Steam Engine Design. 

A Handbook on the Steam Engine, with especial Reference 
to Small and Medium-sized Eui^ines. For the Use of Engine Makers, Mechanical 
Draughtsmen, Engineering Students, and Users of Steam Power. By Herman 
Haeder, C.E. English Edition, Re-edited by the Author from the Second 
German Edition, and Translated, with considerable Addiuons and Alterations, by 
H. H. P. PowLEs, A.M.I.C.E., M.l.M.E. With nearly i.ioo lUustrarions, 
Crown Svo, gs, cloth. 
"A perfect encyclopaedia of the fteam engine and its details, and one which must take a permanent 

place in English drawing.offices and workhh«»ps.'*— /I Foreman Pa/ttrn'maker. 

" This is an excellent book, and should be in the hands of all who are interested in the construction 

and design of medium- sized stationary en t'vat%. ... A careful study of its contents and the arr.nnge- 

roent of the sections leads to the conclusion tha^ there is probably no other book like it in this country. 

The volume aims at showing the re>ulis of practicil experience, and it certainty may claim a complete 

achievement of this idea."— Mx/«rv. 

" There can be no question as to \i% va^ne. We cordially commend it to all concerned in the 

design and construction of the steam engine. '—Mechanical World, 

Steam Boilers. 

A Treatise on Steam boilers : Their strength, Construction, 
and Economical Working. By R. Wilson, C.E. Fifth Edition. lamo, 6s, cloth. 
"The best treatise that has ever been published on steam ho{\cT%.** —Engineer. 
** The author shows himself perfect master of h*s subject, and we heartily recommend all employing 
•team power to possess them-telves of the wMk.^* ^Eyiamfs Iron Trade Circular. 

Boiler Chimneys. 

boiler and Factory Chimneys : Their Draught-Power and 
Stability. With a Chapter on Lightning Conductors, By Robert Wilson, A.I.C.E. , 
Author of "A Treatise on Steam Boilers," &c. Second Edition. Crown 8vc, 
3J. 6d, cloth. 
** A valoable contribution to the literatare of scientific building.**— r^ Builder, 

Boiler Making. 

The BOILER-MAKER'S READY RECKONER AND ASSISTANT. 
With Examples of Practical Geometry and Templating, for the Use of Platers, 
Smiths, and Riveters. By John Couktney, Edited by D. K. Clark, M.I.C.E. 
Third Edition, 480 pp., with 140 Illustrations. Fcap. Svo, ^s. balf-bound. 
** No workman or apprentice should be without this book.** — Iron Trade Circular, 

Locomotiue Engine Development. 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. A Popular 
, Treatise on the Gradual Improvements made in Railway Engines between 
' 1803 and 1893. By Clement E. Stretton, C.E., Author of "Safe Railway 
Working," Ac. Second Edition, Revised and much Enlarged. "With 95 Illus- 
trations. Crown Svo, 3^. 6</. cloth. [Just published. 
" Students of railway history and all who are interesfd in the evolution of the modem locoonotive 
will find much to attract and entertain la this volume." - The Times. 

" The author of this work is well known to the railway world, and no one, probably, has a better 
knowledge of the history and development of the locomotive. The volume before ut» should be of 
value to all connected with the railway system of this country."— Na/«r«. 



CROSBY LOCKHpOD,^ SON'S CATALOGUE. 



Fire Engineering. 

Fires, Fire-Engines, and Fire-brigades. With a History 

of Fire-£bgines, their Construction, Use, and Management ; Remarks on Fife-Proof 
Buildings; knd the Presenration of Life from Fire ; Statistics of the Fire Appliances 
in English Towns ; Foreign Fire Systems ; Hints on Fine- Brigades, &c. &c. By 
Charles F. T. Young, C.E. With numerous Illustrations, $44 pp., demy Sto, 
£1 ^* cloth. 
'*To such of our readers as are interested in the subject of firei and fire apiMiratus, we can most 

jkoartily commcod this book. It is really the ooly £ugU»h wrwrk we now liaTe upoo the subject. **— 

Engineering. 

** It displays much evidence <^ careful research, and Mr. Young has put his facts neatly together. 

His acauaintance with the practical details of the coa>truction of steam fire engines, old and new, and 

the conditions with which it u necessary they should comply, is accurate and l^*-'Enguuer, 

Estimating for Engineering Work, Ac. 

Engineering estimates, Costs, and accounts : a Guide 

to Commercial Engineering. With numerous Examples of Estimates and 
Costs of Millwright Work, Miscellaneous Productions, Steam Engines and Steani 
Boilers ; and a Section on the Prepsuration of Costs Accounts. By A GbneraL 
Manager. Demy 8 vo, izr. cloth. 
** This is an excellent and very useful book, covering snbject-matter in corstant requisition in 

•VYery factory and workshop The book is invaluable, not only to the yooag engineer, bat 

also to the estimate department of every works "—Builder. 

** We accord the work unqualified praise. The information is given in a plain, straightforward 

manner, and bears throughout evidence of the intimate practical acquaintance of the author with 

every pl^aae of commercial engineering."— ilccAMN^ World. 

Engineering Construction. 

Pattern-Making : a Priactical Treatise, embracing? the Main Types 
of Engineering Construction and including Gearing, both Hand and Machine-made, 
Engine Work, Sheaves and Pulleys, Pipes and Columns, Screws, Machine PartSt 
' Pumps and Cocks, the Moulding of Patterns in Loam and Greensand, &c.; together 
>vith the methods of Estimating the weight of Castings ; to which is added an Appen- 
dix of Tables for Workshop Reference. By A Foreman Pattern-Maker. 
Second Edition, thoroughly Revised and much Enlarged. With upwards of 450 
Illustrations. Crown 8vo. 71. 6</.'cloth. \Just published, 

** A well-written technical guide, evidently written by a man who understands and has practisod 

what he has written about. .... We cordially recommend it to engineering students, young 

journeymen, and otben desirous of being initiated into the my>teries of pattern- making." — Bttilder. 
** More than 370 illustrations help to explain the text, which is, however, always clear and explicit, 

thus rendering th« work an excellent ViuU mecum for the apprentice who desires to become master of his 

\x%At,**'~£ngiisk Mechanic, 

Dictionary of Mechanicai Engineering Terms. 

LOCKWOOD'S DICTIONARY OF TERMS USED IN THE PRACTICE 
OF Mechanical Enoineerinq, embracing those current in the Drawing Office, 
Pattern Shop, Foundry, Fitting, Turning, Smiths', and Boiler Shops, &c. &c 
Comprising upwards of 6,000 Definitions. Edited by A Foreman Pattern- 
MAKE|t, Author of " Pattern Making." Second Edition, Revised, with Additions. 
Crown 8vo, js. 6d, cloth. 



"Just the sort of handy dictionary required by the various trades engaged in mechanical engineer- 
uig. The practical engineering pupil will find the book of ereat value in lus studies, and every foreman 
engineer and mechanic should have a coDV." — Bw'ltHi^( Newi. , , . , 

"One of the most useful books which can be p.esented to a mechanic or studfenL" — Bngiish 
Mechanic. 

'* Not merely a dxtionary, but, to a certain extent, also a most valuable guide. It strikes us as a 
happy idea to combine with a dehnitioa of the phrase usetul information on the subject of which it 
SieaXA.**— Machinery Marhei, 

Mill Gearing. 

TOOTHED GEARING : A Practical Handbook for Offices and Work- 
shops. By A Foreman Pattern Maker, Author of ••Pattern .Making,^' 
"Lockwood's Dictionary of Mechanical Eugintering Terms," &c. With 184 
Illustrations. Crown 8vo, 6s, cloth. [yust published. 

Summary of Contents. 

Chap. I. Prjwciplbs. — II. Formation of [ Wheels,- XI. Skew Bkvkls.— XII. Variable 
Tooth pRofiLES.— III. Proportions or TiETrt." I and other Gears.— XIII. Diametrical Pitch. 
—IV. Methods of Making Tooth Forms.— —XIV. The Odontooraph. — XV. Pattern 
V. Involute Teeth. -VI. Some Special Tooth Gears.— XVI. Machine Moulding Gsaks.— 
Forms.— Vn. Bevel Wheels.— VIII, Screw XVII. Machine Cut Gears.— XVIII. Paopoa- 
Gears. — IX. Worm Gears. — X. Helical tion of Wheels. 

"We mutf give the book our unquftlified praise for its thorouahness of treatment and we caa 
heartily recommend it 10 all iater««ted as the iao*t practical book 00 the uufaiiect yet written."— 
Mechanical H'orM, 
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Stone-working Machinery. 

Stone-Working Machinery, and the Rapid and Economical 
Conversion of Stone. With Hints on the Arrangement and Management of Stone 
Works. By M. PbWis Bale, M.I.M.E. With Illustrations. Crown 8vo» 9s. 
"The book should be in the hands of every mason or student of stonework." — Coilury Gmmrdiam, 
** A capital handbook for ail who manlpuUta stone for buildinf or omamontai purposes.*'— 
Mackimsry Marktt. 

Pump Construction and Management 

Pumps and Pumping .- a Handbook for Pump Users. Being 

Notes on Selection, Construction, and Management. By M. Powis Bale, 

M.I.M.E., Author of ** Wood woi king Machinery,'* "Saw Mills," Ac Second 

Edition, Revised. Crown 8vo, 2s. 6d. cloth. 

''The matter is set forth as concisely as possible. In fact, condensation rather than diffoaenass 

lias been the author's aim throughout ; yet he does not seem to have omitted anything likely to bt of 

«se."— ^OKrno/ o/Gas Lighting, 

" Tboronghiy practical and simply and clearly written,*'— G^os^ow HtreUd, 

Milling Machinery, Ac. 

Milling MACHINES and processes: a Practical Treatise 
on Shaping Metals by Rotary Cutters, Including Information on Makinc; and 
Grinding the Cutters. By Paul N. Hasluck, Author of •• Lathe- Work." 
" Handybooks for Handicrafts," &c. With upwards of 300 Engravings, inchiding 
numerous Drawings by the Author. Large crown 8vo, 352 pages, I2<. 6</. cloth. 
'* A new departure in enKineering literature. . . . We can recommend this work to all iaC«r«sc«d 
an milling machwes 1 it is what it profe«>es to be— a praaical treadse."— .£«/ fi«##r. 

" A capital and reliablebook whica will no doubt be of considerable service both to those who ara 
Already ac q ua int ed with the process as well as 10 tnose who contemplate iu adoption, "-/im^m/tim. 

Turning. 

Lathe- Work : a Practical Treatise on the Tools, Appliances, and 

Processes employed in the Art of Turning. By Paul N. Hasluck. Fourth 

Edition, Revised and Enlarged. Crown 8vo, 51. cloth. 

''Written by a man who knows not only how work ought to be done, but who also knows how to do 

«t, and how to convey his knowledge to others. To all turners this book would be valuable." — Ettmnttrmg. 

** We can safely recommend the work to youns engineers. Tq the amateur it will simply be inTalu- 

•able. To the student it will convey a great deal of useful information." — EngiHetr* 

Screa/'Cutting. 

Screw threads: And Methods of Producing Them. With 
numerous Tables and complete Directions for using Screw-Cutting Lathes. By 
Paul N. Hasluck, Author of "Lathe- Work,*' &c. With Seveniy-four Illustra- 
tions. Third Edition, Revised and Enlarged. Waistcoat-pocket size, is, 6d. cloth. 
" Full of useful information, hints and practical cnticism. Taps, dies, and screwing tools generally 
4ue illustrated and their action aescribed."— /t/rcA/incca/ World, 

" It is a complete compendium of all the deuiU of the screw-cutting lathe ; in fact a muHmm-in" 
^roo on all the subjects it treau upon."~Car/rff//r and BuiUUr. 

Smith's Tables for Mechanics, &c. 

Tables, Memoranda, and calculated Results, for me- 
chanics, Engineers, architects, Builders, &c. Selected and Arranged 
by Francis Smith. Fifth Edition, thoroughly Revised and Enlarged, with a New 
Section of Electrical Tables, FoRMULiC, & Memoranda. Waistcoat-pocket 
size, IX. 6«/. limp leather. 
" It would, perhaps* be as difficult to make a small pocket-book selection of notes and formula to 
•euit ALL engineers as it would be to make a universal medicine ; but Mr. Smith's waislcoal-pocket col- 
lection may be looked upon as a successful attempt." — Enfinger. 

'*The best example we have ever seen of 970 pages of useful matter packed into the dimensions of a 
card-case." — Bttitdittg News, ** A veriuble pocket treasury of knowledge." — Iron, 

french-English Glossary for Engineers, Ac. 

A POCKET Glossary of Technicai, terms: English- 
French, French-English ; with Tables suitable for the Architectural, Engineer* 
ing. Manufacturing, and Nautical Professions. By John James Fletcher, Engineer 
and Surveyor. Second Edition, Revised and Enlarged, 200 pp. Waistcoat-poeket 
size, IS, 6J. limp leather. 
'* It is a very great advantage for readers and corresp'mdents in France and Enf^land to have so 

large a number of the words relating to engineering and manufacturers collected in a Itliputian volume. 

The Kttle book will be u^ful both to students and tr*ye\\er%,*''-Arcktteci. 

** The glossary of terms is very complete, and many of the Tables are new and well arranged 

We cordially commend the hf>ok,'*~-Meckamcai Worlds 
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Year-Booh of Engineering Formulce, Ac. 

The ENGINEER'S YEAR-BOOK FOR 1894. Comprising Fonnute 
Rales, Tables, Data and Memoranda in Civil, Mechanical, Electrical, Marine and 
Mine Engineering. By H. R. Kempe, A.M.In8t.C.E., M.I.E.E., Technical 
Officer of the Engineer-in- Chief's Office, General Post Office, London, Author of 
*' A Hindhook of Electrical Testing," ** The Electrical Engineer's Pocket-Book,'" 
&c With 700 Illustrations, specially Engiaved for the work. Crown 8vo, 600 
pages, 8j. leather. [Just publislud, 

" Rflpreienu an enormous quantity of work, and forms a desirable book of reforenoe."— rA# 

" 7 he volume is distinctly in advance of most > imilar publications in this country.*'— ENipuiemiif.. 

*' This valuable and well-designed book 01 relereuce meeu tne demands of all descripcioos of engt- 
neers."— 5'tf/trr/«y Review. 

"Teems with up-to-date information in every branch of engineerinf and construction.*'— /^itfii^xiv 
News. 

** The needs of the engineering profession could hardlv be supplied in a more admirable, complcta- 
aad convenient form. To say that it more th^n sustains all comparisons is praise of the highest sort, 
and that may justly be said ofit."—Afim'mi' Journal. 

*' There is certainly room for the new comer, which supplies explanations and directioiu, as well 
as formulse and tables. It deserves to become one of the must successful of the technical annuals." — 
Architect. 

** Bnngs together with great skill all the technical information which an engineer has to use day 
by day. It is in e«ery way admirably equipped, and is sure to prove successful." — Scctsman. 

"The ui>-to-datencs« of Mr. Kempe's compilation is a quality that wiU not be lost on the busy 
people for whom the work is intended."— (^At^rvtv Herald* 

Portable Enginee. 

The PORTABLE ENGINE : ITS CONSTRUCTION AND MANAGE- 
MENT: A Practical Manual for Owners and Users of Steam Engines generally. B]f 
William Dyson Wansbrough. With 90 Illustrations. Crown 8vo, 3^. 6d, cloth. 
** This is a work of value to those who use steam machinery. . . . Should be read by every one 
who has a steam engine, on a farm or elsewhere." — Mark Lane Express. 

** We cordially commend this work to buyers and owners of steam engines, and to those who have ^ 
do with their construction or use." — Timber Trades youmml. 

"Such a general knowledge of the steam>engine as Mr. Wansbrough furnishes to the reader should 
be acquired by all intelligent owners and others who use the steam engine.*''- Bnilding- News. 

" An excellent text-book of thi« useful form of engine. The ' Hinu to Purchasers ' contain a good 
deal of common-sense and practical wisdom."— ^i^/mA Mechanic, 

Iron and Steel. 

"IRON AND STEEL" : A Work for the Forge, Foundry, Factory, 
and Office. Containing ready, useful, and trustworthy Information for Ironmasters 
and their Stock-takers ; Managers of Bar, Rail. Plate, and Sheet Rolling Mills ; 
Iron and Metal Founders ; Iron Ship and Bridge Builders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and Professional 
Draiightsmen. By Charles Hoark, Author of "The Slide Rule," &c. Eighth 
Edition, Revised throughout and considerably Enlarged. 32mo, dr. leather. 

" For commehensiveness the book has not its equal'* — fr^n. 

** One of the best of the pocket books." — Eng/isA Mechanic. 

*' We cordially recommend this book to those engaged in consideting the detaib ol aH kinds of iroi> 
and steel works."~Nava/ Scw«ic«. 

Elementary Mechanice. 

CONDENSED MECHANICS. A Selection of Formulae, Rules, Tables,, 
and Data for the Use of Engineering Students, Science Clashes, &c In accord* 
ance with the Requirements of the Science and Art Department. By W. G. 
Crawford Hughes, A.M.I.C.E. Crown 8vo, 2j. td, cloth. 

*' The book is well fitted for those who are either confronted with practical problems in their work, 
or are preparinc for examination and wish to reiresh tnetr kuuwledge oy going through their formulae: 
again." — Marine Km^tnerr. 

" It is well arranged, and meets the wants of those for whom it is inunded.'*«"ig »f/ «w y News. 

Steam. 

The Safe Use of Steam. ConUlning Rules for Unprofessional 
Steam-users. By an Engineer. Sixth Edition. Sewed, 6d, 
" If steam-users would but learn this little book by heart, boiler exfJosions would become sensationa 
by their rarity."— English Mechanic. 

Warming. 

HEATING BY HOT WATER ; with Information and Suggestions 

on the best Methods of Heating Public, Private and Horticultural Buildings. By 

Walter Jones. Second Edition. With 96 Illustrations, crown 8vo, 2s. 6d, net^ 

" We confidently recommend all interested in heating by hot water to secnre a copy of this 

Talnable litde treatise. "~7*« Plumber and Decorator. 
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THE POPULAR WORKS OF MICHAEL REYNOLDS 

("The Engine Deivee*s Friend"). 

Looomotiue-Engine Driving. 

Locomotive-Engine Driving : A Practical Manual for Engineers 
in Ouurge of Locomotive Engines. By Michael Reynolds, Member of the 
Society of Engineers, formerly Locomotive Inspector, L. B. and S. C. R. Ninth 
Edition. Including a Key to the Locomotive Engine. With Illustrations and 
Portrait of Author. Crown 8vo, 41. 6d. cloth. 

*' Mr. Re]molds has supplied a want, and has supplied it well. We can confidently recommend the 
book not only to the practical driver, but to everyone who takes an interest in the performance of loco* 
motive engines."— 7a# Bngitutr, 

''Mr. Reynolds has opened a new chapter in the literature of the day. This admirable practical 
treatise, of the practical utility of which we have to speak in terms of warm commendation." — AtJUmteum, 
** Evidently the work of one who knows his subject thoroughly."— J?a<VnMt> Strvic* GoMttte. 
" Were the cautions and rules given in the book to become part of the every-day workmg of our 
engine-drivers, we might have fewer distressing accidents to deplore, "-n^'ci^/fjwaji. 

Stationary' Engine Driving. 

Stationary Engine Driving.- a Practical Manual for Engineers 

in Charge of Stationary Engines. By Michael Reynolds. Fifth Edition, 

Enlarged. With Plates and Woodcuts. Crown 8vo, 41. 6d, cloth. 

" The author is thoroughly acquainted with his subjects, and his advice on the A-arious points treated 
is clear and practical. .... He has produced a manual which is an exceedingly useful one for the 
class iot whom it is specially intended." — kngine^ring. 

" Our author leaves no stone unturned. He is determined that his readers shall not only know 
something about the stationary engine, but all about it." — Engineer. 

*' An engjneman who has mastered the contents of Mr. Reynolds's book will reoiiire but little actual 
experience with boilers and engines befo e he can be trusted to look after ih^toLP— English Mechanic. 

The Engineer, Fireman, and Engine-Boy. 

The model locomotive engineer, Fireman, and Engine- 

BOY. Comprisine a Historical Notice of the Pioneer Locomotive Engines and their 
Inventors. By Michael Reynolds. With numerous Illustrations, and a fine 
lortrait of George Stephenson. Crown 8vo, \s. 6d. cloth. 

'* Front the technical knowledge of the author, it will appeal to the railway man of to-day more forcibly 
than anything written by Dr. Smues. .... The volume contains information of a technical kind, 
and facts that every driver should be familiar vniAi.**— English Mechanic. 

"We should be glad to see this book in the possession of everyone in the kingdom who has ever 
laid, or is to lay, hands on a locomotive engine.'* — Iron. 

Continuous Raiiwau Brakes. 

Continuous Railway Brakes : A Practical Treatise on the 

several Systems in Use in the United Kingdom : their Construction and Perform- 
ance. With copious Illustrations and numerous Tables. By Michael Reynolds. 
Large crown 8vo, 9J. cloth. 

" A popular explanation of the different brakes. It will be of great ass^'stance in forming public 
opinion, and will be studied with benefit by those who take an interest in the brake." — English Mechanic. 
** Written with sufficient technical detail to enable the principal and relative connection of the various 
parts of each particular brake to be readily gnMped.** ^Mechanical iVorld, 

Engine-Driving Life. 

Engine-Driving Life : Stirring Adventures and Incidents in the 

Lives of Locomotive Engine-Drivers. By Michael Reynolds. Third and 

Cheaper Edition. Crown 8vo, is, M. cloth. [Just publuhed, 

" From first to last perfectly fascinating. Wilkie Collins's moxt thrilling conceptions are thrown into 

the shade by true incidents, endless in their variety, related in every page." — Notiit, British MaiL 

"Anyone who wishes to get a real insight into railway life cannoc do lietter than read * Engine- 
Driving Life' for himself, and if he once takes it up he will find that the author*s enthusiasm and real 
love of the engine-driving professi<Mi will carry him on tili he has read every page."^vSa/«n/«> Review. 

Pocket Companion for Enginemen. 

The ENGINEMAN'S Pocket Companion and Practical Educator 
for Enginemen, Boiler Attendants, and Mechanics. By Michael Reynolds. 
With Forty-five Illustrations and numerous Diagrams. Third Edition, Revised. 
Royal i8mo, 3/. 6d. strongly bound for pocket wear. 
" This admirable work is well riited to accomplidi its object, being the honest workmanship of a 
competent engineer."— ^i^eijr/vw Herald. 

**A most meritorious work, giving in a succinct and practical form all the information an engine* 
minder desirous of mastering the sciendflc princ plrs of his daily calling would reauire.** — The Miller, 
**A boon to thotke who are strivmg to become tfficient mechanics.*'— i>ai7^ cArenicle. 
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MR. HUMBER'8 VALUABLE ENQINEERINQ BOOKS. 
The Water-Supply of Cities and Towns. 

A COMPREHENSIVE TREATISE ON THE WATER-SUPPLY OF 
CITIES AND Towns. By William HumbIkr, A.-M. Inst. C.E., and M. Inst. M.E., 
Author of "Cast and Wrought Iron Bridge Construction/* &c. && Illustrated 
with ^o Double Plates, i Single Plate, Coloured Frontispiece, and upwards 0|f 
250 Woodcuts, and containing 400 pages of Text. Imp. 4X0, £6 6s, elegantly 
and substantially half*bound in morocco. 

List op Contents. 



I. Historical Sketch or sous or the means 

THAT HAVE BEEN ADOPTED FOR THE SUPPLY OF 

Water to Cities and Towns.— II. Water and 
THE Foreign Matter usually associated 
WITH it.-III. Rajnfall and Evaporation. — 
IV. Springs and the Water-bearing Forma- 
tions OF various Districts.— V. Measurement 
AND Estimation of the Flow of Water.— 
VI. On THE Selection of the Source of 
Supply.— VII. Wells. — VIII. reservoirs.-^ 
IX. The Purification of Water.— X. Pumps. 
—XI. Pumping Machinery.— Xll. Conduits.— 



XIII. Distribution of Water.— XIV. Meters 
Sbrvscb Pipes, and House Fitttmgs.-XV. 
The Law and Economy op Water Works. — 

XVI. Constant and Intermittent Supply.-^ 

XVII. Description of Plates.— Appendices, 
GIVING Tables of Rates of Supply, Velo- 
cities, ftc. Ac, together with Specifica- 
tions OF several Works illustrated, among 
which will be found: Aberdeen, Bideford, 
Canterbury, Dundee, Halifax, Lambeth, 
Rotherham, Dublin, and others. 



"The most lystematic and vEluable work upon water supply hitherto produced in English, or In any 
other languu^e. . . . Mr. Humber's work is characterised almost throughout by an exhaustiveneas 
much more distinctive of French and German than of English technical treatises."— £m/>m<i^. 

'* We can congratulate Mr. Humber on having been able to give so large an amount of information on 
a subject so important as the water uipply of cities and towns. The plates, fiftv in number, are mostly 
drawings of executed works, and alone would have commanded the attention of every engineer whose 
practice may Ua in this branch ofthe proi«ssioik."^^iM^^. 

Cast and Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST AND 

WROUGHT Iron Bridge Construction, including Iron Foundations. In 

Three Parts— Theoretical, Practir.al, and Descriptive. By William Uumbbk, 

A.-M. Inst. C.E., and M. Inst M.E. Third Edition, revised and much improved, 

with 115 Double Plates (20 of which now first appear in this edition), and numerous 

Additions to \he Text. In 2 vols., imp. 4to, £6 i6j. 6d. half-bound in morocco. 

" A verv valuable contribution to the standard literature of civil engineering. In addition to elevations, 

plans, and sections, large scale details are given, which very much enhance tne instructive worth ol those 

t Uuitratidns.' ' — Cm'i En^ttteer and A rchitect s Joumm I. 

. " Mr. Humberts stately volumes, lately issued— in which the most important bridges erected during 
the last five years, under the direction of the late Mr. Brunei, Sir W. Cuoitt, Mr. Hawkshaw, Mr. Page, 
Mr.' Fowler. Nfr. Heman% and others among our most eminent engineers, are drawn and specified in 
f^eat ^\x\,**'~ Engineer, 

Strains, Calculation of. 

A Handy BOOK for the Calculation of Strains in Girders 

AND SIMILAR STRUCTURES AND THEIR STRENGTH. Consisting of Formulae 

and Corresponding Diagrams, with numerous details for Practical Application, &d. 

By William Humber, A.-M. Inst. C.E.,&c. Fifth Edition. Crown Svo, with 

nearly 100 Woodcuts and 3 Plates, Js. 6d, cloth. 
** The formulae are neatly expressed, and the diagrams good."— i4/>l«(ur«m. . 

'* We heartily commend this really handy book to our engineer and architect readers." — Engtiek 
Mechanic. 

Barlow's Strength of Materials, Enlarged by Humber. 

A Treatise on the Strength of materials ; with Rules 

for application in Architecture, the Construction of Suspension Bridges, Railways, 
&c. By Peter Barlow, F.R.S. A New Edition, revised by his Sons, P. W. 
Barlow, F.R.S., and W. H. Barlow, F.R S. ; to which are added. Experiments 
by HODGKINSON, Fairbairn, and Kirkaldy ; and Formulae for Calculating 
Girders, &c. Arranged and Edited by Wm. Humber, A.-M. Inst. C.E. Demy. 
8vo, 400 pp., with 19 large Plates and numerous Woodcuts, iSs. cloth. 

"Valuable Hike to the student, tyro, and the experienced practitioner, it will always rank in futur^ 
as it has hitherto done, as the standard treatise on that particular subject. "-^^MtfiM^yr. 

*• There is no greater authority than Barlow." — Buildtng Setos. 

** As a scientific work of the first cUi^s. it deserves a foremost place 00 the bookdkelres of OTory 
civil engineer and practiced mechanic."— £>r^/iM Mechanic* 
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MR. H UMBER'S GREAT WORK OH MQDERM EMQINEERIMQ. . . 

Cottijpffete in Foiur Yolomes, imperial 4to, price ;Ci2 121. faalf-mor6coo. EafcK Tolame 
' >^ sold separately as followt : — 

A ftECORD dF THE PROGRESS OF MODERN ENGINEERING. First 
. Series. Comprising Civil, Mechanical, Marine, Hydraulic, Railway, Bridge, and 
other 'Engineering Works, &c. By William Humber, A.-M. Inst. C.E., &c. 
Imp. 4to, with 30 Double Plates, drawn to a large scale. Photographic Portrait of 
John Hawkshaw, C.E., F.R.S., &c., and copious descriptive Letterpress, Specifica- 
tions, &c., ^3 3/. half-morocco. 

List of the Plates and Diagrams. 



Victoria Statiom and Roof, L. B. A S. C. R. 
<8 plates) : SouTHPORT Pier (a plates) ; Vic- 
TORU Station and Roor. L. C. A D. and 
G. W. R. (6 PLATES) ; Roor of Cremorne Music 
Hall; Bridge over G. N. Railway; Roof of 
Station, Dutch Rhsnish Rail (s plates) ; 



Bridge over THk Thames, West London Ex- 
tension Railway (5 plates) ; AruouIi Plates : 
Suspension Bridge. Thames (4 plates) ; The 
Allen Engine; Suspension Bridge, Avon 
(3 plates) ; Underground Railway (3 plates). 



*' Handsomely lithofcnphed and printed. It will find favour with many who desire to preserve in a 
petmanent forni copies or the plans and specifications prepared for the guidance of the contractors for 
many important engineering wo^KS.**—EHgitutr, 

NUMBER'S PROGRESS OF MODERN ENGINEERING. Second Series. 
Imp. 4to, with 36 Double Plates, Photographic Portrait of Robert Stephenson, 
C.E., M.P., F.k.S., &c., and oopious descriptive Letterpress, Specifications, &c., 
^3 3x. half-morocco. 

List of the Plates and Diagrams. 



Birkenhead Docks, Low Water Basin (is 
PLATES) ; Charing Cross Station Roof. C. C. 



Merthyr, Tredegar, and Abergavenny Rail- 
way; College Wood Viaduct. Cornwall 
Railway; Dublin Winter Palace Roor j^ 
plates) I Bridge over the Thames, L. C. 
and D. Railway (6 plates) ; Albert Harbour, 
Greenock (4 plates). 



Railway (3 plates) ; Digswbll Viai uct, Great 
Northern Railway ; Robbery Wood Viaduct, 
Great Northern Railway; Iron Permanent 
Way; Clydach Viaduct ; Merthyr,Tred90ar, 
AND Abergavenny Railway; Ebbw Viaduct, 

'* Mr. Humber has doue the profeasion good and true service, bv the fine cnllection oi examples he has 
here brought before the profesuoa and the pubhc." — Prttctical Mtchanic^s foumal. 

NUMBER'S PROGRESS OF MODERN ENGINEERING. Third Series. 
Imp. 4to, with 40 Double Plates, Photographic Portrait of J. R. M 'Clean, late 
Pres< Inst. C.E., and copious descriptive Letterpress, Specifications, &c., ^3 y, 
half-morocco. 

List of the Plates and Diagkams. 

Main Drainage, Metropolis.— ^orfik Side.— I plates) ; Outfall Sewer, Rbsrrvoir_ and 
Map showing Interception op Sewers; | 
Middle Level Sewer (3 plates); Outpall i 
Sewer, Bridge over River Lea (3 plates) 



Outlet (4 plates); Outfall Sewer. Filth 
Hoist; Sections or SkWERS (North and 
South Sides). 

Thames Embankment.— Section op River 
Wall; Steamboat Pier, Westminster (a 
plates) ; Landing Stairs between Charing 
Cmoss and Waterloo Bridges; York Gate 
(a plates) ; Overflow and Outlet at Savoy 
Street Sewer (3 platrs) ; Steamboat Pier, 
Wati^rloo Bridge (3 plates): Junction or 
Sewers, Plans and SEdTiONs; Gullies, 
Hlans. and Seciio^s; Rolling Stock; 
Granite and Iron Forts. 



Outpall Sewer. Bridge, ov^r Marsh Lane, 
• NoRTri Woolwich R^tiLWAV, and Bow and 
Barking.Railway JuN^r.^ioN ; Outfall Sewer, 
Bridge over Bow and Barking Railway 
<3 *piATBs); Outfall Sewer, Bridge over 
£ast London Waterworks' Feeder (a plates) ; 
Outpall Sewer Reservoir (2 plats s): Out- 
fall Sewer, Tumbling Bay and Out. et; 
Outpall Sewer, Penstocks. South Side.^ 
Outfall SswERt Bebmondsey Branch (2 

'* The drawings have a constantly tacre^ins value, and whoever desires to possess dear repn 
tions of the two i^reat worlu carried out by our Metropolitan Board will obtain Mr. Humber's 
volume.**— -£«/««*rr. 

NUMBER'S PROGRESS.OF MODERN ENGINEERING. Fourth Series. 
Imp. 4to, with 36 Double Plates, Photographic Portrait of John Fowler, late Pres. 
Inst. C.E., and copious descriptive Letterpress, Specifications, &c., £^ 3^. haU- 
morocco. 

List op the Plates and Diagrams. 

Viaduct over the River Wye, Midland Rail- 
WAY (3 plates.) ; St. Gekmans Viaduct, Corn- 
wall Railway (i plates); Wrought-Iron 



Abbey Mills Pumping STi^TioN, Main Drain- 
age, Metropolis (4 PLATEsl) ; Bakrow Docks 
■<3 PLATES); Manquis Viaduct, Santiago and 
VALPARAISO Railway (a plates) ; Adam's Lo- 
comotive, St. Helen's Canal Railway (2 
plates); Cannon Street Station Roof, 
Charing Cross Railway (3 plates); Road 
Bridge over the River Moka (3 plates); 
Telegraphic Apparatus for Mesopotamia; I 



Cylinder for Diving Bell; Mill wall Docks 
(6 PLATES); Milroy's Patent Excavator; 
Metropolitan District Railway (6 plates) ; 
Harbours, Pokts, and BREHEWATESfs (3 
plates). f 



■ •* We gladly welcome another year's issue of this valuable publication from the able pen of Mr. Hum- 
ber. The accuracy and general excellence of this work are well known, while iu usehilneos in giviiig 
the measurements and details of some of the latent examples of engineering, as carried out by the most 
eminent men in the profession, cannot be loo higily prised." — Artisan, 
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Statloi, Qraphio and Analytie. 

Graphic and analytic Statics, in their Practical Application 
to the Treatment of Stresses in Roofs, Solid Girders. Lattice, Bowstring, and 
Suspension Bridges. Braced Iron Arches and Piers, and other Frameworks. By 
R. Hudson Graham, C.E. Containing Diagrams and Plates to Scale. With 
numerous Examples, manj taken from existing Structures. Specially arranged 
for Class-work m Colleges and Universities. Second Edition, Revised and En- 
larged. 8vo, i6f. cloth. 
" Mr. Graham's book will find a place wherever graphic and analytic sutics are used or ttudied."— 

Enfimter, 

"The work i* etceHent from a practical point of view, and has evidentlv been prepared wuh much 

care. The directions for workinf are ample, and are illustrated by an abundance of well-selccted 

examples. It is an excellent text-book for the practical draufhtsman. — AtJUmmum, 

Practical Mathematics. 

Mathematics for Practical Men : Being a Common-place 

Book of Pare and Mixed Mathematics. Designed chiefly for the Use of Civil 
Engineers, Architects and Surveyors. By Olinthus Gregory, LL.D., F.R.A.S., 
Enlarged by Henry Law, C.E. Fourth Ed., carefully rerised bj J. R. Young, 
formerly Professor of Mathematics, Belfast College. With 13 PUtes, 8vo, £1 is, cloth. 
" The engineer <x architect will here find read v to his hand rules for solving nearly e«ery mathematical 

difficulty that may ari»e in his practice. The rules are in all cases explainea by means of examples, in 

which every step of the process is clearly worked ouL** — BuiUUr, 
"Oneof the most serviceable books for practical mechanics. . . . It is an instructive book for tb« 

student, and a Text-book for him who. having once mastered the subjecu it treau of, needs ocooionaUy 

CO refresh his memory upon them.** — Buildini Ntw$, 

Hydraulic Tables. 

HYDRAULIC Tables, Co-Efficients, and formul>e for Finding 

I he Dischar)se of Water from Orifices, Notches, Weirs, Pipes, and Kivers. With 

New Formulae, Tables, and General Information on Rain-fall, Catchment-Basins, 

Drainaee, Sewerage, Water Supply for Towns and Mill Power. By John Neville, 

Civil Engineer, M.R.LA. Third Edition, carefully revised, with considerable 

Additions. Numerous Illustrations. Crown 8vo, \\s, cloth. 

** Alike valunble to students and engineers in practice; its study will prevent the annoyance of 

avoidable failures, and assist them to select the readiest menns of successfully carrying out any given 

work connected with hydraulic engineering."— J/i«/i<;f ytrnmaL 

*' It is, of all English books on the kubject, the one nearest to completeness .... From the 
good arrangement of the matter, the clear explanations and abundance of formulas, the carefully 
calaikted tables, and. above all, the thorough acquainunce with both theory and construction, which is 
displayed from first to last, the book will be found to be an acquisition.*'— ^yrA/^/. 

Hydraulics. 

HYDRAULIC MANUAL. Consisting of Working Tables and Explana- 
tory TexL Intended as a Guide in Hydraulic Calculations and Field Operations. 
By Lewis D'A. Jackson, Author of "Aid to Survey Practice," " Modem 
Metrology/' &c. Fourth Edition, Enlarged. Large crown 8to, I dr. cloth. 



'* The author has had a wide experience in hydraulic engineering and has been a careful obser ve r <^ 
! facts which have come under his notice, and from the greet mass of material at hu command he has 
constructed a manual which may be accepted as a truktworthy guide to thi» branch of the engineer's pro- 



fession. We can heartily recommend this volume to all who desire to be acquainted with the latest 
develomnent of this important subject. **~£i«/T»«rrriii|f. 

** The standard worl^ m this department of mechanics. "~.S«#/x»ra«. 

" The most useful feature of this woric is its freedom from what is superannuated, and its thorough 
adoption of recent e«perimenu ; the text is in £*ct in great part a short account of the great modens 
experiments.'*— 7Va/«ry. 

Drainage. 

On the Drainage of lands, Towns, and Buildings. By 

G. D. Dempsey, C.E., Author of "The Practical Railway Engineer," &c. 
Revised, with large Additions on Recent Practice in Drainage Engineering, 
byD. KiNNBAR Clark, M.Inst. C.E., Author of "Tramways: their Construc- 
tion and Working," **A Manual of Rules, Tables, and Data for Mechanical 
Engineers,'* &c. Second Edition, Corrected. Fcap. 8vo, 5/. doth. 
*'The new matter added to Mr. Dempsey's excellent work is characterised by the comprehenaiv 
grasp and accuracy of detail for which tne name of Mr. D. K. Qark is a sui&cienc voucher.*'— 
Atkeiueum. 

" As « work on recent practice in drunage engineering, the book is to be OMuncnded to all who are 
making that branch of engineering saence their special study." — Jrcn. 

** A comprehensive manual on drainage engineering, and a useful introduction to the student."— 
Building Ntwt, 
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Heater Storage, Conveyanoe, and Utili$atlon. 

Water Engineering: a Practical Treatise on the Measure- 
ment, Storage, ConTeyance, and Utilisation of Water for the Sapply of Towns, 
for Mill Power, and for other Purposes. By Charles Slagg, Water and Drainage 
Engineer, A. -M.Inst. C.E., Author of "Sanitary Work in the Smaller Towns, and 
in Villages/' &c. With numerous Illustrations. Crown 8vo, Js, 6d, cloth. 
** As a small i>ractlcal treatise on the water supply of towns, and on some applications of water* 
power, the work is in manv respects excellent." — Engin$tri$ig, 

**Tlie author has collated the results dedaced from the experiments of the most eminent 
authorities, and has presented them in a compact and practical /orm, accompanied by Tory clear 
and detailed en>lanations. . . . The application of water as a motive power is treated very carefully 
and exhaustively."~-SMiMer. 

** For anyone who desires to begin the stnd^ of hydraulics with a consideration of the practical 
applications of the science there is 00 better guide.*'— i4 rchiUct. 

Riuer Engineering. 

River Bars : The Causes of their Formation, and their Treatment 
by '* Induced Tidal Scour ; " with a Description of the Successful Reduction by 
this Method of the Bar at Dublin. By I. J. Mann, Assist Eng. to the Dublin 
Port and Docks Board. Royal 8vo, yx. 6d, cloth. 
" We recommend all interested in harbour works— and, indeed, those concerned in the improvements 
•f rivers generally— to read Mr. Mann's interesting work on the treatment of river ban."— £i%r/««^* 

Trueeee. 

Trusses of wood and iron. Practical Applications of Science 
in Determining the Stresses, Breaking Weights, Safe Loads, Scantlings, &nd 
Details of Construction. With Complete Working Drawings. By William 
Griffiths, Surveyor, Assistant Master, Tranmere School of Science and Art* 
Oblong 8vo, 4J. 6d, cloth. 
** This handy little hook enters so minutely into every detail connected with the cmutruction of roof 
trusses that no student need be ignovant of these matters."— /'ntc/K-o/ En^ntgr, 

Railway Worliing. 

Safe Railway Working : A Treatise on Rail^y Accidents, 
their Cause and Prevention ; with a Description of Modem Appliances and 
Systems. By Clement £. Strbtton, C.E., Vice-President and Consulting 
Engineer, Amalgamated Society of Railway Servants. With Illustrations and 
Coloured Plates. Third Edition, Enlarged. Crown 8vo, jx. 6d. cloth. 
" A book for the engineer, the directors, the managers ; and, in short, all who wish for informatioa 

on railway matters will find a perfect encyclopiedia in ' Safe Railway Working/ " — Railway RevUw. 
** We commend the remarks on railway signalling to all railway managers, especially where a unifbm. 

code and practice is advocated."— ///r)f/aM'« Railway Journal, 

** The author may be congratulated on having collected, in a very convenient form, much valuable 

Infcmnation on the principal questions affecting the safe working of nuwzys,*'— Railway Emgimttr. 

Oblique Bridges, 

A PRACTICAL AND THEORETICAL ESSAY ON OBLIQUE BRIDGES. 
With 13 large Plates. By the late George Watson Buck, M.I.C.E. Third 
Edition, revised by hb Son, J. H. Watsok Buck, M.I.C.E. ; and with the 
addition of Description to Diagrams for Facilitating the Construction of Oblique 
Bridges, by W. H. Barlow, M.I.CE. Royal 8vo, 12s, cloth. 
**The standard text-book for all engineers regarding skew arches is Mr. Buck's treatise, and it would 
be impofsible to consult a better.*' — En^nter, 

*' Mr. Buck's treatise is recognised as a standard text-book, and his treatment has divested the subject 
of many of the intricacies supposed to belong to it. As a suide to the engineer and architect, on a 
confessedly difficult subject, Mr. Buck's work is unsurpassed.*'— ^if/7d!t>i!^ News, 

Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS : A Prac- 

tical and Theoretical Essay. By J. H. Watson Buck, M.Inst.C.E., Resident 

Engineer, London and North- Western Railway. Illustrated with Folding Plates, 

Toyil 8vo, I2s, cloth. 

'* Many of the methods given are of extreme practical value to the mason, and the observatioas on 

the form of arch, the rules for ordering the stone, and the construction of the templates, will be found of 

considerable use. We commend the book to the engineering profession."'-.^M/^'iiy News, 

** Will be regarded by civil engineers as of the utmost value, and calculated to save much time and 
obviate many mistakes." — CoUierv Giiardiam. 
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Student's Text-Booh on Suroeying. 

PRACTJCAL Surveying : A Text-Book for Students preparing for 

Examinations or for Survey-work in the Colonies. By George W. Usill. 

A.M.I.C.E., Author of "The Statistics of the Water Supply of Great Britain." 

With 4 Lithographic Plates and upwards of 330 Illttstrations. Third Edition^ 

Revised and Enlarged. Including Tables of Natural Sines, Tangents, Secants, 

&c. Crown 8vo, 7^. 6d. cloth ; or, on Thin Paper, bound in limp leather, gilt 

edgeii, rounded comers, for pocket use, price 12s, (ui. 

■'The b«tt forms of iostrameDts are described as to their constraction» uses and modes of 

employment* and there are ionum^rable bints on woik and equipment such as the author, in hi& 

experience as sarvevor, draughtsman and teacher, has found necessary, and which the student in 

his inexperience will find most serviceable." — Bnginter. 

*'The latest treatise in the English lansoage on surveying, and we have no hesitation in saying 
that the student will find it a better guide than any of its predecessors. . . . Deserves to be recog- 
nised as tbe first book which should be put in the bands of a pupil of Civil Engineering, and ever^ 
gentleman of education who seu out for the Colouies would fiud it well to have a copy."—.! 
A rchitect. 

Survey Praotice. 

AID TO Survey practice : for Reference in Surveying, Level- 
ling, and Setting-out ; and in Route Surveys of Travellers by Land and Sea. With 
Tables, Illustrations, and Records. By Lowis D'A. Tackson, A.M.I.C.E.„ 
Author of "Hydraulic Manual," "Modem Metrology,' &c. Second Edition,* 
Enlarged. Large crown 8vo, 12s, 6d. cloth. 
'* Mr. Jackson has produced a valuable vadf-mecum for the surveyor. We can recommend this book, 
as containing an admirable supplement to the teaching of the accomplished surveyor." — AtAf upturn. 

, "As a text'book we should advise all surveyors to place it m their litoanes, and study well the 
matured instructions afforded in its pages.** — Colliery Guardian. 

** The author brings to his work a fortunate union of theory and practical experience which, aided b^ 
a clear and lucid style of writing, renders the book a very useful one." — BuiUUr, 

Surveying, Land and Marine. 

LAND AND MARINE SURVEYING, in Reference to the Preparation 
of Plans for Roads and Railways ; Canals, Rivers, Towns' Water Supplies p 
Docks and Harbours. With Description and Use of Surveying Instruments. By 
W. Davis Haskoll, C.E., Author of ••Bridge and Viaduct Construction," &c. 
Second Edition* Revised, with Additions. L^rge crown 8vo, 95. cloth. 
•* lliis boolc must prove of frreatSralue to the student. We have no hesitation in recommending it, 
feeling assured that it will more than repay a careful ttudv *'-^Af4cAant'cml IVorld, 

** A most useful and well ai ranged book for tbe aid of a student. We can strongly recommend it aa- 
a carefully-written and valuable text- book. 1 1 enjoys a well-deserved repute among surveyors."— ^w'/t^W*. 
'* This volume cannot fail to prove of the utmost practical utility. It may be safely recommended to- 
»n studenu who aspire to become clean and expert surveyors."— JfiWasf' JoumaL 

Field'Booii for Engineers. 

The ENGINEER'S, MINING SURVEYOR'S, AND CONTRACTOR'S 
FiELD-Book. Consisting of a Series of Tables, with Rules, Explanations of 

t Systems, and use of Theodolite for Traverse Surveying and Plotting the Work with 
minute accuracy by means of Straight Edge and Set Square only ; Levelling witb 
the Theodolite, Casting-out and Reducing Levels to Datum, and Plotting Sections 
in the ordinary manner ; Setting-out Curves with the Theodolite by Tangential 
Angles and Multiples with Right and Left-hand Readings of the Instrument ; Setting* 
out Curves without Theodolite on the System of Tangential Angles by Sets of Tan- 
gents and Offsets ; and Earthwork Tables to 80 feet deep, calculate for every 6 
inches in depth. By W. Davis Haskoll, C.E. With numerous Woodcuts- 
Fourth Edition, Enlarged. Cirown 8vo, 12s, cloth. 
" The book is very handy ; the separate tables of smes and taneents to every minute will nuike ib 

liseful for many other purposes, the genuine traverse tables existing alTthe same." — Aihefumm. 

" Every person engaged in engineering field operations will estimate the importance of such a work 

and the amount of vahiaible time which will be saved by reference to a set of reliable tables prepared* 

with the accuracy and fulness of those given in this volume."— ^a//wax AVtur. 

Levelling. 

A TREATISE ON THE PRINCIPLES AND PRACTICE (JF LEVELLING* 

Showing. its Application 10 purposes of Railway and Civil Engineering in the Con- 
struction of Roads ; n&ith Mr. Telford's Rules for the same. ' By Freperick 
W. SIMMS, F.G.S., M. Inst. C.E. Seventh Edition, with the addition of Law's. 
Practical Examples for S6tting-out Railway Curves, and Trautwine's Field. 
Practice of Laying-out Circular Curves. With 7 Plates and numerous Woodcuts,. 
8vo, 8j. (>d. cloth. *,* Tkautwine on Curves may be had separate, 5J,. 

" The text-book on levelling in most of our engineering schools and coWcgt^.** —^Engineer, 
** The. publishers have rendered a substaiiiial service to the profession, especially to the youngev 
liieinS^ts, by briDgipg on' the present edition of Mr. Jinuns's useful fiork.'^—EMgiittn'iHg, 
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Trigonometrical Surveying. 

AN Outline of the method of Conducting a Trigono- 
metrical Survey, for the Formation of Geographical and Typographical Maps 
and Plans, Military Reconnaissance, LEVELLING, &c., with Useful Problems, 
Formalse, and Tables. By Lient. -General Frome, R.E. Fourth Edition, Revised 
and partly Re- written by Major-General Sir CHARLE5t Waeren, G.CM.G., R.E. 
With 19 Plates and 115 Woodcuts, royal 8vo, i6x. cloth. 
"The simple fact that a fourth edition has been called for i* the best tegdroony to its merits. No 

words of praise from us can strengthen the position so well and so steadily maintained by this work. . 

Sir Charles Warren has revised the entire work, and made such additions as were necessary to bring every 

portion of the ocmtcnts up to the present date." — Broad A rrcm. 

Field Fortifloation. 

A treatise on Field fortification, The Attack of Fortresses* 
Military Mining, and Recnnnoitrinjf. By Colonel i. S. Macaulay, late Professpr 
of Fortification in the R.M. A. , Woolwich. Sixth Edition, crown 8vo, with separate ' 
Atlas of 12 Plates, 12s, cloth. 

Tunnelling. 

Practical Tunnelling. Explaining in detail the Setting out of* 
the Works, Shaft-sinking, and Heading-driving, Ranging the Lines and Levelling', 
under Ground, Sub-Elxcavating» Timbering, and the Construction of the Brickwork 
of Tunnels, with the amount of Labour required for, and the Cost of, the various 
portions of the work. By Frederick W. Simms, F.G.S., M. Inst. C.E. Third 
Edition, Revised and Extended by D. Kinnear Clark, M.Inst. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J. cloth. 
"The ettimation in which Mr. Simms's book onttipnel ing has been held for over thirty years cannot ^ 
be more truly expressed than in the words of the late Professor Rankine :— "The best source of informa- 
tion on the subject of tunnels is Mr. F. W. Simms's work on Practical Tunnelling."' — Architect, 

" It hsis been regarded from the first as a text book of the subject . . . Mr. Clark has added 
immensely to the value of the hock.**— £fi£ truer. 

Tramways and their Working. 

TRAMWAYS: THEIR CONSTRUCTION AND WORKING. Em- 
bracing a Comprehensive History of the System ; with an exhaustive Analysis of the 
Various Modes of Traction, including Horse Power, Steam, Cable Traction, 
Electric Traction, &c. ; a Description of the Varieties of Rolling Stock ; and ample, 
Details of Cost and Working Expenses. New. Edition, Thoroughly Revised, 
and Including the Progress recently made in Tramway Construction, &c. &c. By 
D. Kinnear Clark, M.Tnst. C.E. With numerous Illustrations and Folding 
Plates. In One Volume, 8vo, 700 page's. Price about 25^. [Nearly ready, 

'* All interested in tramvrays must refer to it, as all railway engineers hare turned to the author's 

work * Railway Machinery.' "—EHgineer. 

** An exhaustive and practical work on tramways, in which the history of this kind of locomotion, aud 

a description and cost of the various modes of laying tramways, are to be found." — Buildinr News. 

*' The best form of rails, the best mode of construction, and the best mechanical appliances, are so 

fairly indicated in the work under review that any engineer ahout to construct a tramway will be enabled 

at once to obtain the practiced information which will be of most service to him." — Atfumeum. 

Curves, Tables for Setting-out. 

TABLES OF TANGENTIAL ANGLES AND MULTIPLES FOR 
Setting-out Curves from 5 to aoo Radius. By Alexander Beazei.ey,. 
M.Inst. C.E. Fourth Edition. Printed on 48 Cards, and sold in a cloth box, 
waistcoat-pocket size, 31. 6d, 

** Each table is printed on a small card, which, being placed on the theodolite, leaves the hands fro* 
to manipulate the instrument — no small advantage as regards the rapidity of work.'* — Engifuer. 

'* Very handy : a man may know that all his day's work must fall on two of these cards, which he put^ 
nto his own card-case, and leaves the rest behind." — Athetiaum. 

Earthwork. 

EARTHWORK TABLES. Showing the Contents in Cubic Yards of 
Embankments, Cuttings, &c., of Heights or Depths up to an average of 80 feet. By 
Joseph Broadbent, C.E., and Francis Campin, C.E. Crown Svo, 5*. cloth. 

'* The way in which accuracy is attained, bv a simple division of each cross section into three 
elements, two in which are consunt and one variable, is ingenious.**— /f/ArM«r»M. 
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Heat, Expansion by. 

Expansion of Structures by heat. By John Keily, c.e., 

late of the Indian Pablic Works and Victorian Railway Deportments. CroWn Svo, 
3/. 6d, cloth. 

SuifMAEY OP Contents. 

Section VI.— Mbchanical Foscb of Heat. 

SocdoO VlL—WoftK OP BXPAMSION AMD COM- 
TftACTION. 



S«6ti0O I.— FOKMULAS AND DaTA. 

Scctaoo II. — Mbtal Bars. 

Sectkm III.—Simplb Frames. 

S«ctioii IV. — CoMPLBX Frambs and Platss. 

Section V.— Thermal Conductivity. 



Section VIII.— Suspension Bridgbs. 
Section IX.— Masonry Structurbs. 



"The tarn the author has set before him, vu., to show the effecu of heat upon metallic and other 
structures, is a laudable one, for this is a branch of physics upon which the engmeer or architect can 
ftnd but little rdiable and comprehensive data in books.*' — BmLUr, 

" Whoever is concerned to know the effect of changes of temperature on such struttures as suspen- 
sion bridges and the like could not do better than consult Mr. Kealy's valuable and handy expootion of 
the geometrical principles involved in these changes."— .S'(rtf/««wais. 

Earthwork, Measurement of. 

A MANUAL ON EARTHWORK. By Alex. J. S. Graham, C.E. 

With numerous Diagrams. Second Edition. i8mo, 2x. 6d, cloth. 

" A great amount of practical information very admirably^ arranged, and available for rough estimates, 
as well as for the more exact calculations required in the engineer's and contractor's offices.*'— ^r/iM». 

Strains in Ironworli. 

THE STRAINS ON STRUCTURES OF IRONWORK; with Prac- 
tical Remarks on Iron Construction. By F. W. Sheilds, M. InsL C£. Second 
Edition, with 5 Plates. Royal 8vo, 5x. cloth. 
** The student cannot find a better little book on this %\xhlteL**'^SM£ittt€r, 

Cast Iron and other Metals, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OF CAST IRON and 

other Metals. By Thomas Trbdgold, C.E. Fifth Edition, including Hodgkin« 
son's Experimental Researches. 8vo, 12s. cloth. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF OBLIQUE 
Arches. By John Hart. Third Edition, with Plates. Imperial 8vo, 8x. cloth. 

Girders, Strength of 

GRAPHIC TABLE for FacUitating the Computation of the Weights of 
Wrought Iron and Steel Girders, &c., for Parliamentary and other Estimates. By 
J. H. Watson Buck, M. Inst C.E. On a Sheet, 2/. 6d. 

Water Supply and Water-Works. 

A Practical Treatise on the water Supply of towns 

AND THE Construction of Water-Works. By W. K. Burton, A.M.Inst.C.E.. 
Professor of Sanitary Engineering in the Imperial University, Tokyo, Japan, and 
Consulting Engineer to the Tokyo Water- Works. With an Appendix on WATER- 
Works in Countries subject to Earthquakes, by John Milne, F.R,S., 
Professor of Mining in the Imperial University of Japan. With numerous Plates 
and Illustrations, [In the press. 
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VAIUNE BNaiNBXBXN0, SHIFBUILDINO, NAVIOA- 

TXON, etc. 



Pocket-Book for Naval Architeots and Shipbuilders. 

THE Naval architects and Shipbuilder's Pocket-book 

OF FoRMuuE, Rules, and Tables, and Marine Engineer's and Surveyor's , 
HANDY Book of Reference. By Clement Mackrow, Member of the Instita- 
tion of Naval Architects, Naval Draughtsman. Fifth Edition, Revised and En- 
larged to 700 pages, with upwards of 300 Illustrations. Fcap., 12s, 6d. strongly 
bound in leather. 

Summary of Contents. 

Signs and Symbols, Dbcimal Fraction«.~ Rules for Boilers.— Lloyd's Wbioht or 

Trigonombty. — Practical Gbombtry. — Men- Chains.— Lloyd's Scantlings for Ships.— 

su RATION. •*>Cbntrbs AND Moments OP Figures. Data of Engines and Vessels. — Ships' Fit- 

— Moments OF Inertia AND Radii OF GYRATtoN. tings and Tests.— Seasoning Prbservino 

— Algebraical Kxpressions for Simpson's Timber— Measurement of Timber.- Alloys, 

Rules. — Mechanical Principles.— Centre Paints, Varnishes.— Data for Stowage.— 
OF Gravity. — Laws of Motion.— Displace- • Admiralty Transport Regulations.- Rules 

MENT, Centre of Buoyancy. — Centre of for Horse-power, Screw Propellers, etc.— 

Gravity op Ship's Hull.— Stability Curves Percentages for Butt Straps, etc.— Parti- 

AND Mbtacbntres.— Sba and Shallow-water culars of Yachts — Masting' and Rigging 

Waves.— Rolling OF Ships.— Propulsion AND Vessels.— Distances' of 'Forbign Ports.- 



Resistance of Vessels. — Speed Trials.— 
Sailing, Centre of Effort. — Distances 
DOWN Rivers, Coast Linbs. — Steering and 
Rudders of Vessels.— Launching Calcula- 
tions AND Velocities.- Weight of Material 
AND Gear.— Gun Particulars and Weight. 



Tonnage Tables.— Vocabulary of French 
AND English Terms.— English Weights ani 
Measures;— Foreign Weights and Measures. 
—Decimal Equivalents.- Forsign Money.— 
Discount and Wage Tables.— Useful Num- 
bers AND Ready Reckonebs. — Tables of 



-Standard Gauges.— Riveted Joints and Circular Measures. -Tables op Areas of 
Riveting. — Strength and Tests of Mate- and Circumfbrences of Circles.— Tables of 



RIALS.— Binding and Shearing Stresses, etc. 
—Strength of Shafting, Pillars, Wheels, 
ETC. — Hydraulic Data, etc. — Conic Sbc- 
TioNS, Catbnarian Curvbs. — Mechanical 



Areas of Segments of Circles.— Tables of 
Squares and Cubes and Roots of Numbers. 
—TABLES OF Logarithms of Numbers.— 
Tables of Hyperbolic Logarithms.— Tables 



Powers, Work.— Board of Trade Rbgula- of Natural Sines, Tangents, etc.— Tables 
T10NS FOR Boilers and Engines.— Board op of Logarithmic Sines, Tangents, etc. 
Trade Regulations for Ships. — Lloyd's i 

" In these days of adrsnced knowledge a work like this Is of tbe greatest value. It contains a 
vast amoant of information. We unhesitatingly say that it is tbe most vaniAble compilaiion for its 
specific plupose- that has ever been printed. No naval architect, engineer, surveyor, or seaman,, 
'wood or iron shipbuilder, can afford to be without this vrork,"-- Nautical Mag€uine, 

"Should be used by all who are engaged in the construction or design of vessels. . . . Will be 
found to cpntain the most useful tables and formulae required by shipbuilders, carefully collected fronk 
the best authorities, and put together in a popular and simple form." — Engituer, 

** The professional shipbuilder has now, in a convenient and accessible form, reliable data for solving, 
many of the numerous problems that present themselves in the course of his work.*' — /ran. 

" There is nd dtMibt that a pocket-book of this description must be a necessity In the shipbuilding 
trade. . . . Tbe volume contains a mass of useful informatiOD clearly expressed and presented in a 
handy form."— if aniM Enf^inttr. 

Marine Engineering. 

Marine Engines and Steam Vessels : a Treatise on. By 

Robert Murray, C.E. Eighth Edition, thoroughly Revised, with considerable 
Additions by the Author and by George Carlisle, C.E., Senior Surveyor to the- 
Board of Trade at LtverpooL i2mo, 5x. cloth boards. 

" Well adapted to give tbe youne steamship engineer or marine engine and boiler maker a general* 
introduction into his practical work.^' — Mechanical World, 

*' We feel sure that this thoroughly revised edition will continue to be as popular in the future.- 
as it has been in the past, as, for its slxe, it contains more useful information than any simiUc 
treatise. '*—/fKtf usuries. 

" As a compendious and useful guide to engineers of our mercantile and royal naval services, we* 
should say it cannot be surpassed."— fi»i/i/»ii^ News, 

" The information given is both sound and sensible, and well qualified to direct yorn^ sea*going 
hands on the straight road to the extra chief's certificate. . . . Most usetul to surveyors, inspectors,, 
draughtsmen, and all young engineers who take an interest in their profession." — Glasgow Herald. 

" An indispensable manual for the student of marine engineering."- Liv^^j Mercury, 

Electric Lighting of Ships. 

Electric Ship Lighting : a Handbook on the Practical Fitting 
and Running of Ship's Electrical Plant, for the Use of Shipowners and Builders, 
Marine Electricians and Sea-going Engineers in Charge. By J. W. Urquhart, 
Author of " Electric Light," ** Dynamo Constmaion,*' &c. With numerous lUua- 
trations. Crown 8vo, yx. 6d. cloth. 
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Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FORMUL>€ FOR 
Marine Engineers. By Frank Proctor, A.LN.A. Third Edition. Royal 
32mo, leather, gilt edges, with strap, 4r. 
" We recommend it to our readers as going far to supply a long-felt want.'* — N^mvai ScUnct, 
" A most useful compaatoa to all marine cagitMtri.**'-'UMii*d Sgrvict (MsttU, 

Introduotion to Marine Engineering. 

Elementary Engineering : A Manual for Young Marine 

Engineers and Apprentices. In the Form of Questions and Answers on Metals, 
Alloys, Strength of Materials, Construction and Management of Marine Engines 
and Boilers, (veometry, &c. &c With an Appendix of U&eml Tables. By John 
Sherren Brewer, Government Marine Surveyor, Hongkong. Second Edition, 
Revised, small crown 8vo, 2s, cloth. 

*' Contains much valuable information for the claw for whom it is intended, especially in the 
chapters on the management of boilers and engines."— Navfu^o/ Magatiine, 

*' A Qseful introduction to the more elaborate text hooks.'*— Scotsman. 

** To a student who has the requisite desire and resolve to attain a thorough knowledge, Mr. 
Brewer oflfers decidedly useful he\p,"—Ath4mtum, 

Navigation. 

practical Navigation. Consisting of The Sailor's Sea-Book, 
by James Grkbnwood and W. H. Rosser; together with the requisite Mathe- 
matical and Nautical Tables for the Working of the Problems, by Henry Law, 
C.E., and Professor J. R. Young. Illustrated. i2mo, yx. strongly half-bound. 

Drawing for Marine Engineers. 

LocKiE's Marine Engineer's Drawing-Book. Adapted to 

the Requirements of the Bojurd of Trade Examinations. By John Lockik, 
C.E. With 22 Plates, Drawn to ScJile. Royal 8vo, ys. 6d. cloth. 

" The student who learns from these drawings will have nothing to unlearn."— i?«^M»r. 
"The examples chonen are essentially practical, and are such as should prove of service to engineers 
generally, while admirably fuifilUng thsar q»acific purpose.*'— if/fitimrif/ W^rltL 

Sailmaking. 

The art and Science of Sailmaking. By Samuel b. Sadler, 

Practical Sailmaker, late in the employm^t of Messrs. Ratsey and Lapthome, 
of Cowes and Gosport With Plates and other Illustrations. Small 4to, i2x. 6</. 
cloth. 

Summary of Contents. 

Chap. I. Thk Materials used and their 

SIelation to Sails.— II. On the Centre or 

Effort.— III. On Measuring.- IV. On Draw- 

1QNC.— V. On the Number of Cloths required. 



—VI. On Allowances.^VII. Calculation of 
Gores. — VIII. On Cutting Out.— IX. Om 
Roping. — X. On Diagonal-Cut Sails.— XL 
Concluding Remarks. 



" This work is very ably written, and is illustrated by diagrams and careliillyworked calcubtions. 
The work should be in the hands of every sailmaker, whether employer or employed, as it cannot lail to 
:as^^t them in the pursuit of their important avocations."— /xZr •f Wight Hermid. 

"This extremely practical work gives a complete education in all the branches of the manufacture. 



This extremely practical work gives a complete education in all the branches of the manufacture, 

ig out, roping, seaminsT, and gonng. It is copiously illustrated, and will fonn a first-rate teat-book 

\i\dt.**—Pffrt*moMtA Times. 

The author of this work has rendered a distinct service to all interested in the art of sailmaking. 
The subject of which he treats is a congenial one. Mr. Sadler is a practical sailmaker, and has devoted 
years of careful observation and study to the subject ; and the resulu of the experience thus gained he 
has set forth in the volume before us."— 5'<««iN/4<>. 



1 gM\6t.**—PffrUmoMth Times, 
"The author of this work has rendered a distinct service to all interested in the art of sailmaking. 
The subject of which he treats is a congenial one. Mr. Sadler is a practical sailmaker, and has devoted 
years of careful observation and study to the subjec * "' • - • -• ... 

has set forth in the volume before tu,"^SUaimshi/, 

Chain Cables. 

Chain Cables and Chains. Comprising Sizes and Curves 01 
Links, Studs, &c., Iron for Cables and Chains, Chain Cable and Chain Making, 
Forming and Welding Links, - Strength of Cables and Chains, Certificates for 
Cables, Marking Cables, Prices of Chain Cables and Chains, Historical Notes; 
Acts of Parliament, Statutory Tests, Charges for Testing, List of Manufacturers of 
Cables, &c. &c By Thomas W.Traill, F.E.R.N., M.InistC.E., Engineer- 
Surveyor-in*Chief, Board of Trade, Inspector of Chain Cable and Anchor Provitig 
Establishments, and General Superintendent, Lloyd's Committee on Proving 
Establishments. With numerous Tables, Illustrations, and Lithographic Drawings. 
Folio, £2 2x. cloth, bevelled boards. 
*' It contains a vast amount of valuable information. Nothing seeoM to be wanting to «ake it a oom- 
plete and standard wurk of reference on the subject.*'— JV««/ira/ MmgmMsm. 
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MINI NG AND METALL URGY. 

Mining Machinery. 

Machinery for metalliferous Mines: a Practical Treatise 

for Mining Engineers, Metallurgists and Managers of Mines. By £. Henry 

Davies, M.E., F.G.S. Crown 8vo, 580 pp., with upwards of 300 Illustrations. 

I2X. 6d. cloth. [Just published. 

'* Mr. Davies, in this handsome volume, hait done the advanced student and the manager of mines 
.good service. Almost every kind of machinery in actual use is carefully described, and the woodcuts 
iiud plates are good." — Athenteum. 

** From cover to cover the work exhibits all the same characteristics which excite the confidence 
and attract the attention of the student as he peruses the first pai^e. The work may safely bo recom- 
mended. "By its publication the literature connected with the industry will be enriched, and the 
irepuutioa of its author exAkwacti^'-'MmiHg yournal. 

*' Mr. Davies has endeavoured to bring before his readers the best of everything in modem mining 
appliances. His work carries internal evidence of the author's impartiality, and this constitutes one 
•of the great merits of the book. Throughout his work the criticisms are based on his own or other 
reliable experience." — Iron tmd Steel Trades* Journal, 

"The i»ork deab with nearly every class of machinery or apparatus likely to be met with or 
required in connection with metalliferous mining, and is one which we have every confidence in recom- 
jneuding." — Practical Engineer. 

" Invaluable to mining engineers, metallurgists, and mine managers.*' — The Mining Review., 
Denver, Colorado, U.S.A. 

JHetalliferous Minerals and Mining. 

A Treatise on metalliferous Minerals and Mining. 

By D. C. Davies, F.G.S., Mining Engineer, &c., Author of ** A Treatise on Slate 
and Slate Quarrying." Fifth Edition, thoroughly Revised and much Enlarged, 
by his Son, E. Henry Davies, M.E., F.G.S. With about 150 lilnstrations. 
Crown 8vo, 12s. 6d cloth. 
'* Neither the practical miner nor the general reader, interested in mines, can have a better book for 
4iis comi»nion and his guide." — Mining Journal. 

** We are doing our readers a service in calling their attention to this valuable work." — Mining IVorld. 
'* A book that will not only be useful to the geologist, the practical miner, and the metallurgist ; but 
also very interesting to the general public." — Iron. 

" As a history of the present state of mining throughout the world this book has a real value, and it 
supplies an actual want."-ri4/A««Mr»iw. 

Earthy Minerals and Mining. 
' A Treatise on Earthy and other Minerals and Mining. 

By D. C. Davies, F.G.S., Author of "Metalliferous Minerals," &c. Third 
Edition, Revised and Enlarged, by his Son, E. Henry Davies, M.E., F.G.S. 
With about 100 Illusts. Crown 8vo, I2x. 6d, cloth. 
" We do not remember to have met with anjr English work on mining matters that contains the same 
amount of information packed in equally convenient form." — Academy. 

** We should be inclined to rank it as among the very best of the haady technical aad trades 
enanuals which have recently appeared." — British Quarterly Review. 

Metalliferous Mining in the United Kingdom. 

British Mining : A Treatise on the History, Discovery, Practical 
Development, and Future Prospects of Metalliferous Mines in the Unit^ Kingdom. 
By Robert Hunt, F.R.S., Keeper of Mining Records ; Editor of *' Ure's Dic- 
tionary of Arts, Manufactures, and Mines," &c. Upwards of 950 pp., with 230 
Illustrations. Second Edition, Revised. Super-royal 8vo, £2 2s, cloth. 
** One of the most valuable works of reference of modem times. Mr. Hunt, as Keeper of Mining 
Hecords of the United Kingdom, has had opportimities for such a task not enjoyed by anyone else, and 
lias evidently made the most of them. . » . The language and style adopted are good, and the treat- 
ment of the various subjects laborious, conscientious, and aaenti^c— Engineering. 

" The book is, in fact, a treasure-house of statistical information on mining subje(*ts, and we know 
of no other work embodying so great a mass of matter of this kind. Were tlus the only merit of Mr. 
Hunt's volume it would be sufficient to render it indispensable in the library of everyone interetted in the 
development of the mining and metallurgical industries of this country.'* — Atkenaum. 

*' A mass of information not elsewhere available, and of the greatest value to those who may be in* 
ierested in our great mineral industries." — Engineer. 

Underground Pumping Machinery. 

Mine Drainage : Being a Complete and Practical Treatise on 
Direct- Acting Underground Steam Pumping Machinery, with a Description of a 
large number of the best known Engines, their General Utility and the Special Sphere 
of their Action, the Mode of their Application, and their merits compared with 
other forms of Pumping Machinery. By Stephen Michelu 8vo, 15J. cloth. 
" Will be highly esteemed by colliery owners ^d lessees, mining^ engineers, and students generally 
who require to be acquainted with the best means of securing the drainage of mines. It is a most valu- 
able work, and stands almost alone in the literature of steam pumping machinery."— C^/^^rf Guardian. 
** Much valuable information is given, so that the book is thoroughly worthy of ao extensive circu* 
tation amongst practical men and purchasers of machinery." — Mining Journal. 
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Prospecting for Gold and other Metals. 

The PROSPECTOR'S HANDBOOK: A Guide for the ProspectOB 
and Traveller in Search of Metol- Bearing or other Valuable Minerals. By J. W. 
Anderson, M.M (iCa^nb.), FlA.G.S., Author of "Fiji and New Caledonia." 
Fifth Edition, thoroughly Revised and Enlarged. Small crown 8vo, y. 6d. cloth. 

" Will supply a mudi felt w«Bt, etpecially amonf Colontsts, in whose way are so often thrown many 
inineralogical specimens the value of which it is diffioUt to deternune.**— iEsyrWrr. 

*' How to find corooDercial minerals, and bow to identify them when they are found, are the leadini^ 
points to which attention is directed. The author has manaf ed to pack as much pracbcal detail into hi» 
pages as would supply material for a hook three times its sise.*'~JfiisMir y^ttrmmi. 

Mining Notes and Formulcs. 

NOTES AND FORMULyE FOR MINING STUDENTS. By John 
Herman Merivalb, M.A., Certificated Colliery Manager, Professor of Mining in 
the Durham College of Science, Newcastle-upon-Tyne. Third Edition, Kev&d 
and Enlarged. Small crown 8vo, 2s, td, doth. 

" Invaluable to anyone who is working up for an exaodnation on mining subjects."— Cm/ Ir^n mnd 
Trades* RevUw. 

** The author has done his work in an exceedbgly creditable manner, and has produced a book 
that will be of service to students, and those who axe practically engaged in nuuing operations." — 
Engineer* 

Handylfqok for Miners. . , 

The MINER'S Handbook : A Handy Book of Reference on the 
subjects of Mineral Deposits, Mining Operations, Ore Dressing, &c. For the Use- 
of Students, and others interested in Mining matterr. Compiled by John 
Milne. F.R.S., Professor of Mining in the Imperial University of Japan. 
Revised Edition. Fcap. 8vo, js, 6d. leather. [Jmt published, 

" Professor Milne's handbook is sure to be received with lavour by all connected with mining, and 
will be extremely popular among students. "-'./4/4/«Mr«M». 

Miners' and Metallurgists' PocketBook. 

A pocket-book FOR MINERS AND METALLURGISTS. Com^ 

S rising Rules, Formulae, Tables, and Notes, for Use in Field and Office Worlc 
;y F.'Danvers Power, F.G.S., M.E. Fcap. 8vo, 9^. leather, gilt edges. 

"This excellent book is an admirable example of iu kind, and ought to find a large sale amongst 
English-speiJcing prospectors and mining tnginters.*'—Emgimeertmr. 

'* Miners and meullurgisu will find in this work a useful vaat'tmecnm containing a mass of rules,, 
formulae, ubles, and various other information, the necessity for reference to which occurs in their daily 
d«ties."— />7W». 

Mineral Surveying and Valuing. 

THE Mineral Surveyor and Valuer's Complete Guide. 

Comprising a Treatise on Improved Mining Surveying and the Valuation of 
Mining Properties, with New Traverse 1 ables. By Wm. Lintbrn. Third Edition, 
Enlarged. i2mo, 4r. cloth. 

" Mr. Lif tem*s book forms a Taloable and thoroughly trustworthy guide.*'— /nns and Cpai Trmdes* 
Rtvlrw, 

Asbestos and its Uses. 

ASBESTOS : Its Properties, Occurrence, and Uses. With some 
Account of the Mines of Italy and Canada. By Robert H. Jones. With Eight 
Collotype Plates and other Illustrations. Crown 8vo, I2s. 6d, cloth. 
*' An intereiting and invaluable yr<ak.**—ColUery GuardiMn, 

Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. Being a Practical 
Treatise* 6n 'the Manufacture and Application of Dynamite, Gun-Cotton, Nitro- 
Glycerine and other Explosive Compounds. Including the Manufacture of 
Collodion-Cotton. By M. Eissler, Mining Engineer and Metallurgical Chemist,, 
Author of/' The Metallurgy of Gold," ••The Metallurgy of Silver," &c. With 
about 100 ^lustn^tions. Crown 8vo, 10s, 6d. doth. 

'* Useful not only to the miner, but also to oflBcers of both services to whom blasting and the 
use of explosives generally may at any time become a necessary auxiliary.**— Nofniv. 

" A veciuble mine of information on the subject of explosives employed for military, mining and 
blasting purposes."— iirmj' and Nmvy Gasette. 
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Colliery Management » 

The Colliery Manager's Handbook: a Comprehensive 

Treatise on the Laying-out and Working of Collieries, Desired as a Book of 
Reference for Colliery Managers, and for the Use of Coal-Mtning Students pre- 
paring for First-class Certificates. By Caleb Pambly, Mining Engineer and 
Surveyor ; Member of the North of England Institute of Mining and Mechanical 
Engineers; and Member of the South Wales Institute of Mining Engineers. 
With nearly 500 Plans, Diagram?, and other Illustrations. Second Edition, 
Revised, with Additions, medium 8vo, about 700 pp. Price ;^i 5^. strongly bound. 
Summary of Contcnts. 

On thb Friction of Air in Minks. 
The Pribstman Oil Enginb; Pbtrolbvm and 
Natural Gas. , 

SURVKYINO AND PLANNING. 

Sapbty Lamps and Pirb-Damp Dbtbctors. 

Sundry and Inciobntal Opbrations and Ap- 
pliancbs. 

Colliery Explosions. 

Miscbllanbous Questions and Answers. 

Appendix: Summary of Report of U.M. Com- 
missioners ON Accidents in Mines. 



•Gboloot. 
Srarch for Coal. 

AliNBRAL Leases and other Holdings. 
bHAFT Sinking. 

i'lTTiNG Up the Shaft and Surface Ar- 
rangements. 
Steam Boilers and their Fittings. 
Timbering and Walling. 
Narrow Work and Methods of Worrino. 
XJndbroroumd Conveyance. 
Drainage. 
The Gases met with in Mines ; Ventilation. 

*J* Opinions of thb Press. 

'*Mr. Pamely hat not only given os a oompreheosive reference book of a very high ord^. 
suitable to the requiremeuts of mlaiog enKineert aod colliery managers, but at the same time has 
provided mining ttudenU with a class-book that is as interesting as it is instructive."— Co^»«ry 
Manager. 

^ '* Mr. Pamely's work is eminently suited to th« purpose for which it is intended— >being clear, inter- 
esting, exhaustive, rich in detail, and up to date, giving deKriptions of the veiy latest machines in every 
<ieparunent. . . « A mining engineer could scarcely go wrong who folio«irea this work."— C^/iSb^o^ 
Guardia*, ^ 

*' This is the most complete ' all-round ' work on ooal-mining pnblifhed in the English language. . . . 
No library of coal-mining books is complete without xV*—CoiiUrf Enpnttr (Scranton, Pa., O.S. A.). 

** Mr. Pamely's work is in all respects worthy of our admiration. No person in any responsible 
gxMitifMi connected with mines should be without a copy."— Weitminsttr Review. 

Coal and Iron, 

The Coal and Iron industries of the united Kingdom. 

Comprising a Description of the Coal Fields, and of the Principal Seams of Coal, 
with Returns of their Produce and its Distribution, and Analyses of Special Varie- 
ties. Also, an Account of the occurrence of Iron Ores in Veins or Seams ; Analjrses 
of each Variety ; and a History of the Rise and Progress of Pig Iron Manufacture. 
By Richard Meads, Assbtant Keeper of Mining Records. With Maps 8vo, 
£1 8j. cloth. 
I* The book is one which must find a place on the shelves of all interested in coal and iron productiont 

and in the iron, steel, and other metallurgical industries." — Engineer. 

*' Of this book we may unreservedly say that it is the best of its class which we have ever met. . . ' . 

A book of reference which no one engaged lu the iion or coal trades should omit from his library."— /fVM 

-attd Coal Trades' Review. 

Coal Mining. 

Coal and Coal Mining, a Rudimentary Treatise on. By the 
late Sir Warington W. Smyth, M.A., F.R.S., &c., Chief Inspector of the Mines 
of the Crown. Seventh Edition, Revised and Enlarged. With numerous Illus- 
trations, lamo, 4s. cloth boards. 
" As an outline is given of every known coal-tield in this and other countries, as well as of the principal 

jnethods of working, the book will doubtless mterest a very large number of readers.*' — AfiMtng ycurnal. 

Subterraneous Surveying, 

Subterraneous Surveying, Elementary and Practical Treatise 
on ; with and without the Magnetic Needle. By Thomas Fenwick, Surveyor of 
Mines, and Thomas Baker, C.E. Illustrated. i2mo, 3/. cloth boards. 

Cranite Quarrying. 

Granites and our Granite industries. By George 

F. Harris, F.G.S., Membre de la Soci^t^ Beige de G^logie, Lecturer on 
Bconomic Geology at the Birkbeck Institution, &c With Illustrations. Crown 
8yo, 2s. td. cloth. 
*' A clearly and well-written manual for persons engaged or interested in the granite industry.'*-^ 
Scoinnan, 

** An ioterestinc work, which will be deservedly esteemed.'*— <?o//i«ry Guardian. 
" An exceedinitry interesting and valuable monograph 00 a sobject which has hitherto racoiyed 
unaccounubly little attention in the shape of systematic literary treatment."— Sco^Hs/i Leader, 
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Gold, Metallurgy of. 

THE METALLURGY OF GOLD: A Practical Treatise on the 
Metallurgical Treatment of Gold-bearing Ores. Including the Processes of Concen- 
tration and Chlorination, and the Assaying, Melting, and Refining of Gold. By M. 
EissLBR, Mining Engineer and Metallurgical Chemist, formerly Assistant Assayer 
of the U.S. Mint, San Francisco. Third Edition, Revised and greatly Enlarged. 
With 187 Illustrations. Crown Svo, 12s. 6d, cloth. 
" This book thoroughly deserves its title of a * Practical Treatise.' The whole process of Roldi 
milling, from the breaking of the quartz to the as^ay of the bullion, is described in dear and orderly- 
narrative and with much, out not too much, fqlness of deutl." — Saturday Review. 

*' The work is a storehouse of Information and valuable data, and we strongly recommend it to- 
all professional men engaged in the gold-mining industry."— i/tuMg^ Journal, 

Silver, Metallurgy of, 

THE METALLURGY OF SILVER : A Practical Treatise on the 
Amalgamation, Roasting, and Lixiviation of Silver Ores. Including the Assayings 
Melting, and Refining of Silver Bullion. By M. Eisslbr, Author of *' The Metal- 
lurgy of Gold," &c. Second Edition, Enlarged. With 150 Illustrations. Crowi> 
8vo, lOf. 6d. cloth. 
** A practical treatise, and a technical work which we are convinced will supply a long lelt want 

amongst practical men, and at the same time be of value to students and others indirectly connecte<f 

with the industries."— MtMing Journal. 

** From first to last the book is thoroughly sound and reliable." — CoUury Guardian, 

** For chemists, practical miners, assayers, and investors alike, we do not know ot any work oi» 

the subject so handy and yet to comprehensive."— Glasgow Herald. 

Lead, Metallurgy of. 

THE METALLURGY OF ARGENTIFEROUS LEAD : A Practical 
Treatise on the Smelting of Silver-Lead Ores and the Refining of Lead Bullion. 
Including Reports on various Smelting Establishments and Descriptions of Moderi^ 
Smelting Furnaces and Plants in Europe and America. By M. Eissler, M.E.,. 
Author of " The Metallurgy of Gold,** &c. Crown Uvo, 400 pp., with 183 Illus- 
trations, 12s, 6d, cloth. 
"The numerous metallurgical processes, which are fully and extensively treated of, embrace all the 

stages experienced in the passage of the lead from the various natural stales to iu issue from the refinery- 

a9 an article of commerce." -^Practical Engineer. 

'* The present volume fully mainuins the reputation of the author. Those who wish to obuin a. 

thorough insight into the present state of this industry cannot do better than read thu volume, and all 

■uninf engineers canncrfatl to find many useful hints and suggestions in \\,** '"Industrus. 

" It is most carefully written and illustrated with capital drawings and diaamms. In fact, it is the 

work of an expert for experu, by whom it vrill be pnxod as an uidispensable text-book.*' — Brutot 

Mercury, 

Iron, Metallurgy of. 

Metallurgy of Iron. Containing History of Iron Manufacture, 
Methods of Assay, and Analyses of Iron Ores, Processes of Manufacture of Iron- 
and Steel, &c By H. Bauerman. F.G.S., A.R.S.M. With numerous Illus> 
trations. Sixth Edition, Revised and Enlarged. i2mo, 5^. 6d, cloth. 
** Carefully written, it has the merit of brevity and conciseness, as to less important points ; while- 
all material matters are very fully and thoroughly entered ixAo.**— Standard. 

Iron Mining. 

The Iron Ores of Great Britain and Ireland: Their 

Mode of Occurrence, Age and Origin, and the Methods of Searchug for and 
Working Them. With a Notice of some of the Iron Ores of Spain. By J. D. 
Kendall, F.G.S., Mining Engineer. With Plates and Illustrations. Crown 8vo, 
i6x. cloth. 
'* The author has a thorough practical knowledge of his subject, and has supplemented a carefuP 
study of the available literature by unpublished information derived from his own observations. 
The result is a very useful volume which cannot fall to be of value to all interested in the iron in- 
dustry of th6 country."— /fx/wsfriM. 

** Constitutes a systematic and careful account of our present knowledge of the origin and occur- 
rence of the iron ores of Great Britain, and embraces a description of the means employed in reach- 
ing and working these ores."— /ron. 

** Mr. Kendall is a great authority on this subject and writes from personal observation."— 
Colliery Guardian, 

** Mr. Kendall's book is thoroughly well done. In it th^re are the outlines of the history of or&. 
mining in every centre and there is ever> thing thd. we want to know as to the character of th«i orei 
of each distr^'.^ their commercial value and th£/3ost of working them."— /ron and S*eel Trades 
Journal, ' 
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ELECTRICITY, ELECTRICAL ENGINEERING, ETC. 

Electrical Engineering. 

The Electrical Engineer's pocket-Book of modern 

Rules, Formul>e, Tables, and Data. By H. R. Kempe. M. insi. E.E., 
A. M. Inst. C.E., Technical Officer, Postal Telegraphs, Author of ** A Handbook of 
Electrical Testing," &c Second Edition, Thoroughly Revised, with Additions. 
With numerous Illustrations, royal 32mo. oblong, $s. leather. 
" There ia very little in the shape of formulas or data which the electrician is likely to want in 
a harry which caonot be found in its pages." — Practical Eajginur. 

*' A very useful book of reference for dail v use in practical electrical engineering and its various 
applications to the industries of the present day."— /roH. 
** It is the best book of its kind."— Electrical EHi^ineer, 

" Well arranged and compact. The Electrical Engineer's Pocket-Book is a good one." —Elec* 
trician. 

*' Strongly recommended to those engaged in the various electrical industries. "~ Electrical 
Review. 

Electric Lighting, 

Electric Light Fitting : A Handbook for Working Electrical 

Engineers, embodying Practical Notes on Installation Management. By J. W. 

Uequhart, Electrician, Author of ** Electric Light," &c. With numerous lUusis. 

Second Edition, Revised, with Additional Chapters. Crown 8vo, $s. cloth. 

"This volume deals with what may be termed the mechanics of electric lighting, and is 

addressed to men who are already engaged in the work, or are training for it. The work traverses 

a great deal of ground, and may be read as a sequel to the same author's useful work on ' Blectiic 

Light.' "—Electrician, 

''This is an attempt to sUte in the simplest language the precautions which should be adopted 
in installing the electric light, and to give informatioa for the guidance of those who have to run the 
plant when installed. The book is well worth the perusal of the workman, lor whom it is written."— 
Electrical Review. 

** We have read this book with a good deal of plea«)ure. We believe that the book will be of 
use to practical workmen, who will not be alarmed by finding mathematical formulae which they 
are unable to undersund."~£/«cfnca/ Plant. 

** Eminently practical and useful Ought to be in the hands of everyone in charge of an 

. electric light plant."— £/«c^rica/ Engineer. 

"Mr. urquhart hts succeeded in producing a really capital book, which we have no hesitation 
in recommending to working electricians and electrical engmeers."— A/ ecAantca/ World, 

Electric Light 

Electric Light : its Production and Use, Embodying Plain 
Directions for the Treatment of Dynamo-Electric Machines, Batteries, Accumulators, 
and Electric Lamps. By T. W. Urquhart, C.E., Author of ** Electric Light 
Fitting," "Electroplating,'^' &c Fifth Edition, carefully Revised, with Large 
Additions and 145 Illustrations. Crown 8vo, ts, 6d, cloth. 
*' The whole ground of electric lighting is more or less covered and explained in a very clear and 
concise taaxuktr.'^-^BUctrical Ret'iew, 

*' Contains a good deal of very interesting information, e<pe^ally in the parts where the author gives 
dimensions and working costn." — Electrical Enginttr. 

** A miniature vade-mecum of the «alient tacts connected with the science of electric lighting."— 
Rlectrieian, 

** You cannot for your purpose have a bstter book thtn ' Electric Light,' bv Urquhart.**— ^4!ffii/^r. 
"The book is by far the best that we have yet met with on the %^x\iy^ci.'*—Atheneeum. 

Constructicn of Dynamos. 

Dynamo Construction : A Practical Handbook for the Use of 
Engineer Constructors and Electricians-in-Charge. Embracing Framework Build- 
ing, Field Magnet and Armature Winding and Grouping, Compounding, &c. 
With Examples of leading English, American, and Contmental Dynamos and 
Motors. By J. W. Urquhart, Author of "Electric Light," •'Electric Light 
Fitting," &c. With upwards of 100 Illustrations, crown 8vo, 7^. 6d, cloth. 
*' Mr. Urquhart's book is the first one which deals with these matters in sucn a way that the engineer- 
iiur student can understand them. The book is very readable, and the author lead« his readers up to 
difficult subjects by reasonably simple tests." — Engineering Review. 

*'The author deals with his subject in a style so popular as to make his volume a handbook of great 
practical value to engineer contractors and electricians in charge of Itghctog intxalWtxoM." -Scotsman. 

'*' Dynamo Construction ' more than susiain-( the high character of the author's previ. us publica- 
tions. It is rare to b« widely read by the Urge and rapidly-increasing number of practical elecuicians." 
^Glasgvw HeraM. ^ 

'* A bode for which a denund has long txvsxcd," —Mechanical World. 
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A New Dictionary of Electricity. 

THE STANDARD ELECTRICAL DICTIONARY. A Popular Dic- 
tionary of Words and Terms Used in the Practice of Electrical Engineering. Con- 
taining upwards of 3,000 Definitions. By T. O'Connor Sloane, A.M., Ph.D., 
Author of "The Arithmetic of Electricity," &c &c Crown 8vo, 630 pp., 350 
Illustrations, ^s. td. cloth. [7i/j/ fmblished, 

*' The work has many attrac*ive features in it, and is, beyond doubt, a well put together and use- 
ful publication. The amount of gionnd covered may be gathered frora the fiict that in the Index 
about 5,000 references will be found. 1 he Inclusion of such comparatively modern word^ as ' im- 
pedence,' 'reluctance,' &c., shows that the author has desired to be up to date, and iodeed there are 
other indlcntions of carefulness of compilation. The work is one which does the author great credit 
and it should prove of great value, especially to students."— fi/rcfrtco/ Revitw, 

'* We have found the book very complete and reliaUe,and can, therefoie, comirend it heartily.'! 

MtchamaU World, 
" Very complete and conta'ns a large amount of useful iafoTtaaition,"— Industries. 
** An encyclopedia of electrical science in the compass of a dictionary. 1 he information given 
is sound and clear. The book is well printed, weU illustrated, and well up to date, and may be 
con6deotly rf commended."— 6«rt/<<rr. 

" We hail the appearance of this little work as one which will meet a want that has been keenly 
felt for socne time. . . . The author is to be congratulated on the e&cellent manner in which he 
has accomplished his task."— Practical Engineer. 

*' The volume is exoellentlv printed and ill us rated, and should form part of the library of every 
one who is directly br indirectly connected with electrical matters."— /fartfworf Trade Journal, 

Electric Lighting of Ships. 

Electric Ship-Lighting : A Handbook on the Practical Fitting 
and Running of Ship's Electrical Plant. For the Use of Shipowners and Builders, 
Marine Electricians, and Sea-going Engineers in Charge. By J. W. Urquhart, 
C.K., Author of '* Electric L«ght," &c. With 88 lUusts., crown 8vo, 7s. 6d. cloth. 
** The subject of ship electric lifchtiug is one of vast importance in these day*, and Mr. Urquhart 

is to be highly complimented for p acing such a valuable work at the service cf the practical marine 

electrician."— rA« Steamship. 

" Distinctly a book which of iu kind sunds almost alone, and for which there should be a 

detnnnd,*'—BlectricMl Review, 

Electric Lighting. 

THE Elementary principles of Electric Lighting. By 

Alan A. Campbell Swinton, Associate I.E.E. Third Edition, Enlarged and 
Revised. With Sixteen Illustrations. Crown 8vo, is. 6d. cloth. 
"Anyone who desires a short and thoroughly clear exposition of the elementary principles of 
electric-lightiog cannot do better Uian read this Unle maek.**^Brmd/0rd Observer. 

Dynamic Electricity. 

The Elements of Dynamic Electricity and Magnetism. 

By Philip Atkinson, A.M., Ph.D., Author of •* Elements of Static Electricity," 
'*The Elements of Electric Lighting/' &c. &c. Crown 8vo, 417 pp., with lao 
lUostrations, los. 6d. cloth. 

Electric Motors, Ac. 

The Electric Transformation of Power and its Applica- 
tion by the Electric Motor, including Electric Railway Construction. By B. 
Atkinson, A.M., Ph.D., Author of "The Elements of Electric Lighting," &c. 
With 96 lUustrations. Crown 8vo, Js. ^. cloth. 

Dynamo Construction. 

HOW TO Make a Dynamo : a Practical Treatise for Amateurs. 

Containing numerous Illustrations and Detailed Instructions for Constructing a 

Small Dynamo to Produce the Electric Light. By Alfrbd Crofts. Fourfli 

Edition, Revised and Enlarged. Crown 8vo, 2s. cloth. 

"The Instructions given in this unpretentious little book are sufficientlf clear and eiplicit to 
enable any amateur mechanic possessed of average skill and the usual tools to be found in an 
amateur's workshop, to build a practical djnamo machine."— £/«clr»aa«. 

Text-Book of Electricitv. 

The STUDENT'S TEXT-BOOK OF ELECTRICITY. By H. M. 
NoAD, Ph.D., F.R.S. New Edition. With Introduction and Additional 
Chapters by W. H. Preece, M.I.C.E. Crown 8vo, 12s. 6d. cloth. 

Electricity. 

A Manual of Electricity : including Galvanism, Magnetism, 
Dia-Magnetism, Electro-Dynamics, &c. By H. M. NOAD, Ph.D., F.R.S. Fourth 
Edition (1859). 8vo, ;Ci \s. cloth. 
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ARCHITBCTURE, BUILDINO, etc. 

Building Construction. 

Practical Building Construction : A Handbook for 

Students Preparing for Examinations, and a Book of Reference for Penions En- 
gaged in Building. By John Parnbll Allen, Surveyor, Lecturer on Building 
Construction at the Durham College of Science, Newcastle-on-Tyne. Medium 
8vOy 450 pages with i.ooo Illustrations. I2j. 6d. cloth. [Just pmblished. 

'* This volume is one of the most complete expositions of building construction we have seen. It 
contains all that is necessary to prepare students lor the various examinations in building ccnktruc- 
cioo.*'— ^M^fV AVtw. 

"The author depends nearly an much on his diagrams as on his type. The pages sugre^t the 
hand of a man of experience in h ulding operations — and the volume must be a blcksiog to many 
teachers as well as to studenu **—The drchiUcK 

"This volume promises to be the recognised handbook in all advanced clashes where building 
cnostractioB is taught from a practical point of view. We strongly commend the book to the notice of 
aU teachers of building construction."— 7Vi.-AM/Va/ World, 

*'The work is sure to prove a formidable rival to great and small competitors alike, and bids fair 
to UJte a permanent place as a favounte students' text^book. The larse number of illustraiions deserve 
particular mention for the great merit ihev p05>scss tor purposes of reference, in exactly conoponding 
to convenient scales.*'— 7^«r. Imst. Brit. Afxhts, 

Concrete. 

Concrete : its Nature and Uses, a Book for Architects, 

Builders. Contractors, and Clerks of Works. By George L. SirrcLiFFE, 
A.R.I.B. A. 350 pages, with numerous Illustrations. Crown 8vo, yx. 6d, cloih. - 

[Just published, 
" The author treats a difficult subject in a lucid manner. The manual fills a long felt gap. It is 
careful and exhaustive ; equally useful as a student's guide and an architect's book of leierence.*' — 
Journml #/ RoytU Instttuti n of British A*chitects. 

" There is room for this new b^ok, which will probably be for some time the standard work on the 
subject for a builder's purpoAe."— CP/a^tviv Hemld, 

** A thoreughly useful and com|»reheusive work." — Brit sh Architect. 

Meohanioe for Ara/iiteots. 

The MECHANICS OF ARCHITECTURE : A Treatise on Applied 
Mechanics, especially Adapted to the Use of Architects. By E. W. Tarn, M. A.. 
Author of '*The Science of Building." &c. Second Edition, Enlarged. Illus- 
trated with 125 Diagrams. Crown 8vo, yj. 6d. cloth. [Just pubiUhed. 
** The book is a very useful and helpful manual of architectural mechanics, and really contains 
sufficient to enable a ca eful and pa'nstaking student to grasp the principles bearing upon the ma- 
jority of building problems. . . . Mr. Tarn has adried, by this volume, to the debt of nutitude 
which is owing to him by architectural students lor the many valuable works which he oas iwo- 
diicad for their use."— TA^ Builder. • 
** The mechanics in the volume are really mechanics, and are harmoniously wrought in with the 
distinctive professional matter proper to the subject. The diagrams and type are commendably 
clear."— TA* SchoolmasUr. 

The New Builder's Price Boolt, 1894. 

LOCKWOOD'S BUILDER'S PRICE BOOK FOR 1894. A Com- 
preheiuive Handbook of the Latest Prices and Data for Builders, Architects, 
Engineers, and Contractors. Ke-constnicied, Re- written, and Greatly Enlarged. 
By Francis T. W. Miller. 700 doaely-printed pages, crown 8vo. 41. cloth. 
*' This book it a very oseful one, and should 6nd a place in every English office connected with 
the building and engineering professions."— /fM<Ms^ries. 
' ' An excellent book ot reference. *'—A rckitect. 

** In iu new and revised form this Price Book is what a work of this kind should be— compra* 
faentiTe, reliable, well arranged, legible, and well bo}xsid.**''BfUiih Architect. 

Designing Buildings. 

The DESIGN OF Buildings: Being Elementary Notes on the 
Planning, Sanitation and Ornamentive Formation of Structures, based on Modem 
Practice. Illustrated with Nine Folding Plates. Hy W. WuODLEY, Assistant 
Master, Metropolitan Drawing Classes, &c. Demy Svo, dr. cloth, \yust published. 

Sir William Chambers's Treatise on Ciuil Architecture. 

The decorative Part of Civil architecture. By sir 

William Chambers, F.R.S. With Portrait, Illustrations, Notes, and an 
Examination of Grecian Architbcturb, by Joseph Gwilt, F.S.A. Re- 
vised and Edited by W. H. Leeds. 66 Plates* 4to, 21s, cloth. 
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Villa Architecture. 

A Handy Book of Villa architecture : Being a Series of 
Designs for Villa Residences in various Styles. With Outline Specifications and 
Estimates. By C. WiCKES, Architect, Author of ** The Spires and Towers of 
England," &c. 6i Plates, 410, £1 lis. 6d. half.morocco, gilt edges. 
*'The whole of the designs bear evidence of their being the work of an artisuc architect, and they 

will prove very valuable and suggestive.**— i?«ii<A>^ Nrms, 

Text-Book for Architects. 

The ARCHITECT'S Guide : Being a Text-book of Useful Infor- 
mation for Architects, Engineers, Surveyors, Contractors, Clerks of Works, &c. 
&c By Frederick Rogers, Architect. Third Edition. Or. 8vo, ys. 6d. cloth. 

*' As a text-book of useful information for architects, engineers, surveyors, &c., it would be hard U> 
find a handier or more complete little volume.*'— J/oM^an/. 

Taylor and Creay'a Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By the late 
G. L. Taylor, Esq., F.R.I.B.A., and Edward Cresy, Esq. New Edition^ 
thoroughly Revised by the Rev. Alexander Taylor, M.A. (son of the late G. L. 
Taylor, Esq.), Fellow of Queen's College, Oxford, and Chaplain of Gray^s Inn. 
Large folio, with 130 Plates, £2 3^« half-Sound. 
** Taylor and Cresy's work has from iu first publication been ranked among those iMt>fessioaal books 

which cannot be hetttrtd,**— A rcktUct* 

Linear Perspective. 

ARCHITECTURAL PERSPECTIVE. The whole Course and Opera- 
tions of the Draughtsman in Drawing a Large House in Linear Perspective. 
Illustrated by 39 Folding Plates. By F. O. Ferguson. 8vo. 3;. 6d. boards. 

" It is the most intelligible of the treatises on this ill-ircated subject that I have met « ith." — 
E. Ingkbss Bbll, Esq., tn tht R.i.B.A, youmal. 

Architectural Drawing. 

PRACTICAL RULES ON DRAWING, for the Operative Builder 
and Young Student in Architecture. By George Fynb. With 14 Plates, 4to» 
7^. 6d, boards. 

Vitruuius' Architecture. 

The ARCHITECTURE OF MARCUS VlTRUVIUS POLLIO. Trans- 
lated by Joseph Gwilt, F.S.A., F.R.A.S. New £dition, Revised by the 
Translator. With 23 Plates, fcap. 8vo, y. cloth. 

Designing, measuring, and Valuing. 

THE STUDENT'S GUIDE TO THE PRACTICE OF MEASURING 
AND VALUING ARTIFICERS' WORK. Containing Directions for taking Dimen- 
sions, Abstracting the same, and bringing the Quantities into Bill, with Tables of 
Constants for Valuation of Labour, and for the Calculation of Areas and Solidities. 
Originally edited by Edward Dobson, Architect. With Additions by E. Wynd- 
HAM Tarn, M.A. Sixth Edition. With 8 Plates and 63 Woodcuts. Crown 8vo, 
'js.td, doth. 
'* This cdiiion will be found the most complete treatise on the principles of measuring and valuing 
artificen' work that has yet been published." -f^w/^iliM^ News, 

Pocket Estimator and Technical Quide. 

THE POCKET Technical Guide, measurer, and Estimator 

for Builders and Surveyors. Containing Technical Directions for Measuring 
Work in all the Building Trades, Complete Specifications for Houses, Roads, and 
Drains, and an Easy Method of Estimating the parts of a Building collectively. 
Bv A. C. Beaton. Sixth Edition. Waistcoat-pocket size, u. 6d. gilt edges. 
" >f o builder, architect, surveyor, or valuer should be without his ' Beaton.' **'-BHtldun Nevus, 

Donaldson on Specifications. 

The Handbook of Specifications; or, Practical Guide to 

the Architect, Engineer, Surveyor, and Builder, in drawing up Specifications and 
Contracts for Works and Constructions. Illustrated by Precedents of Buildings 
actually executed by eminent Architects and Engineers. By Professor T. L- 
DONALDSON, P.R.I. B. A., &c. New Edition, in One large VoL, 8vo, with upwards 
of 1,000 pages of Text, and 33 Plates, £1 lis. (>d, cloth. 
"... Valuable as a record, and more valuable still as a book of precedents . . . Suffice it 
to say that Donaldson's * Handbook of Spec.fications' must be bought by all vtx^XKKXk^ ^Builder. 
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Bartholomew and Rogers' Specifioatione. 

Specifications for practical architecture, a Guide to 

the Architect, Engineer, Surveyor, and Builder. With an Essay on the Structure 
and Science of Modem Buildings. Upon the Basis of the Work by Alfred 
Bartholomew, thoroughly Revised, Corrected, and greatly added to by Frederick 
Rogers, Architect. Third Edition, Revised, with Additions. 8vo. 15X. cloth. 
*' Th« collection of specifications prepared by Mr. Rogers on the basis of Bartholomew's work is too 
well known to need any recommendation from us. It is one of the books with which every young archi- 
tect must be tx\mpptd,**— Architect. 

Construction. 

The Science of Building : An Elementary Treatise on the 
Principles of Construction. By E. Wvndham Tarn, M.A., Architect. Third 
Edition, Revised and Enlarged, with 59 Engravings. Fcap. 8vo, 4^. cloth. 
*' A very valuable book, which we strongly recommend to all students."— ^mV<//r. 

House Building and Repairing. 

The house-Owner's Estimator; or, what will it Cost to 

Build, Alter, or Repair? A Price Book for Unprofessional People, as well as 
the Architectural Surveyor and Builder. By J. D. Simon. Edited by F. T. W. 
Miller, A.R.I. B. A. Fourth Edition. Crown 8vo, 3J. 6d, cloth. 
" In two years it will repay its cost a hundred times over,*' — Field. 

Cottages and Villas. 

Country AND Suburban Cottages and Villas: How to 

Plan and Build Them. Containing 33 Plates, with Introduction, General 
Explanations, and Description of each Plate.' By James W. Bogue, Architect, 
Author of ** Domestic Architecture," &c 4to, lor. 6d. doth. 

Building ; Civil and Ecclesiastical. 

A BOOK ON Building, Civil and Ecclesiastical, including Church 
Restoration ; with the Theory of Domes and the Great Pyramid,. &c. By Sir 
Edmund Beckett, Bart., LL.D., F.R.A.S. Second Edition. Fcap. 8vo, 5/. cloth. 
" A book which is always amusing and nearly always instructivev"— r^ Times. 

Sanitary Houses, etc. 

The Sanitary arrangement of Dwelling-houses : A 

Handbook for Householders and Owners of Houses. By A. J. Wallis-Tayler, 
A.M.Inst. C.E. With numerous Illustrations. Crown 8vo, 2s, 6d. cloth. 

\,Just published. 

Ventilation of Buildings. 

Ventilation, a Text-Book to the Practice of the Art of Venti- 
lating Buildings. By W. P. Buchan, R.P, i2mo, 4J cloth. 
" Contains a great amount of useful practical informadon, as thoroughly interesting as it is techni- 
cally reliable.* "- British A rchiUct. 

The Art of Plumbing. 

Plumbing, a Text-Book to the Practice of the Art or Craft of the 
Plumber. By W. P. Buchan, R.P. 'Sixth Edition, Enlarged. i2ino, 4J. cloth. 
*' A text book which may be safely pat in the hands of every young plumber."— B«»/<<«r. 

Geometry for the Architect, Engineer, Ac. 

Practical Geometry, for jhe Architect, Engineer, and Mechanic. 

Giving Rules for the Delineation and Application of various Geometrical Lines, 

Figures, and Curves. By E. W. Tarn, M. A., Architect. 8vo, 9^. cloth. 

" No book with the same objects in view has ever been published in which the clearness of the rules 
aid down and the illustrative diagrams have been so satisfactory." — Scoisman. 

The Science of Geometry. 

The Geometry of Compasses ; or, Problems Re«;olved by the 
mere Description of Circles, and the use of Coloured Diagrams and Symbols. By 
Oliver Byrne. Coloured Plates. Crown 8vo, y. 6d. cloth. 
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CARPENTRYrTIMBBR, etc. ^ 

Tredgold'a Carpentry, Reuiaed and Enlarged by Tarn. 

The Elementary Principles of carpentry : A Treatise 

on the Pressure and Equilibrium of Timber Framing, the Resistance of Timber, 
and the Construction of Floors, Arches, Bridges, Roofs, Uniting Iron and 
Stone with Timber, &c. To which is added an Essay on the Nature and Pro- 
perties of Timber, &c., with Descriptions of the kinds of Wood used in Building ; 
also numerous Tables of the Scantlings of Timber for different purposes, the Specific 
Gravities of Materials, &c. By Thomas Trbdgold, C.E. With an Appendix 
of Specimens of Various Roofs of Iron and Stone, Illustrated. Seventh Edition, 
thoroughly Revised and considerably Enlarge by E. Wyndham Tarn, M.A., 
Author of •• The Science of Building," &c. With 6i Plates, Portrait of the Author, 
and several Woodcuts. In One large Vol., 4to, 25^. cloth. 
*• Ought to be in every architect** and every builder's library."— ^i»»ii//r. 
** A work whose monumental excelleace must commend it wherever skilful carpentry is concerned. 

The author's principles are rather confirmed than impaired by time. The additional plates are of great 

intrinsic value."— BmUin^ Ntws. 

Viloodworking Machinery, 

WOODWORKING MACHINERY: Its Rise, Progress, and Con- 
struction. With Hints on the Management of Saw Mills and the Economical Con- 
version of Timber. Illustrated with Examples of Recent Designs by leading English, 
French, and American Engineers. By M. Powis Bale, A.M.Inst.C.£., M.I.M.E. 
Second Edition, Revised, with large Addition?, large crown 8vo, 440 pages, 9;. 
cloth. [Just publishid, 

'* Mr. Bale is evidently an expert on the subject, and he has collected «o much information that his 

book is all-sufficient for builders and others encaged in the conversion of timber/'— /I rr^V/c/. 

** The most comprehensive compendium of wood-working machinery we have seen, llie author is a 

thorough master of his subject."— ^jm'^i'm^ N*wm. 

Saw Mills. 

Saw Mills : Their Arrangement and Management, and the 
Economical Conversion of Timber.* (A Companion Volume to " Woodworkinjg 
Machinery.'*) By M. Powis Balk. Crown 8vo, lox. 6d. cloth. 
"The or mi u'ttrntioH of a large sawing esublishment is discussed, and the subjsct examined fram a 

financial stanupoint. Hence the size, shape, order, and disposition of saw*mills and the like are gone into 

in deuil, and the course of the timber is traced from its reception to its dehvery in iu converted state. 

We could not desire a more complete or praaical treatise.** — Bmiid4r, 

Hicholaon'8 Carpentry. 

The CARPENTER'S NEW GUIDE ; or, Book of Lines for Car- 
penters ; comprising all the Elementary Principles essential for acquiring a knowledge 
of Carpentry. Founded on the late Pbter Nicholson's standard work. A New 
Edition, Revised by Arth(tr Ashpitbl, P.S.A. Together with Practical Rules 
on Drawing, by Gborgc Pynb. With 74 Plates, 4to, £1 is, cloth. 

Handralling and Stalrbuilding. 

A PRACTICAL TREATISE ON HANDRAILING : Showing New 
and Simple Methods for Finding the* Pitch of the Plank, Drawing the Moulds, 
Bevelling, Tointing-up, and Squaring the Wreath. By George Collings. 
Second Edition. Revised and Enlarged, to which is added A Trbatisb on Stair- 
building. With Plates and Diagrams. i2mo, 2s. 6d. cloth limp. 
" Will be found of practical ucilicv in the execution of this difficult b'ltnch of joinery.*'— ^vi^^^rr. 
" AloMMt every difficult ohase ot this somewhat intricate Ijranch of joinery is elucidated by the aid 
of plates and expluiau>ry letterpress.**— ^MnsiVat^ GantiU, 

Circular Work. 

Circular work in carpentry and joinery : A Prac- 

tical Treatise on Circular Work of Single and Double Curvature. By GiOROB 
Collings. With Diagrams. Second Edition, ixmo, 2x. ^. cloth limp. 
" An excdlent eicample of what a book of this kind should be. Cheap ia price, clear in definitioo, 
and practical in the examples selected."- Builmtr. 

Handralling. 

HANDRAILING COMPLETE IN EIGHT LESSONS. On the Square- 
Cut Sy^ttem. 6v J. S. Goldthorp, Teacher of Geometry and Building Construc- 
tion at the Haliiax Mechanic's Institute. With Eight Plates and over 150 Practical 
Exercises. 4to, 3.^ 6d. cloth. 
" Likely to b ) of co isiderable value to joiners and others who tak^ a orlde in good work. Tha 

arrangement of the boak is excellent. We heart iy commeod it to teachers aad ttudenta."— rtni6*r 

Tradn '^outnml. 



CARPENTRY, TIMBER, ^e. 29 

Timber Merchant's Companion. 

The Timber merchants and builder's Companion. Con- 
taining New and Copious Tables of the Reduced Weight i^nd Measurement of 
Deals and Battens, of all sizes, from One to a Thousand Pieces, and the relative 
Price that each size bears per Lineal Foot to any given Price per Petersburgh Stan- 
dard Hundred ; the Price per Cube Foot of Square Timber to any given Price per 
Load of 50 Feet ; the proportionate Value of Deals and Battens by uie Standard, to 
Square Timber by the Load of 50 Feet ; the readiest mode of ascertaining the Price 
of Scantling per Lineal Foot of any size, to any given Figure per Cube Foot* &c &c. 
By William Dowsing. Fourth Edition, Revised and Corrected. Ct. 8vo, 3j. cloth. 
*' Everything is as concise and clear as it can possibly be made. There can be no doubt that every 

timber merchant and builder ousht to possess it.**— Nu/i Advertistr. 

*' We are glad to see a fourth edition of these admirable tables, which for correctness and simplicity of 

arrangement leave nothing to be desired."— riM^^ Trades' yoMrnal. 

Practioai Timber Merofiant 

THE PRACTICAL TIMBER MERCHANT : Being a Guide for the use 
of Building Contractors, Surveyors, Builders, &c., comprising useful Tables for all 
purposes connected with the Timber Trade, Marks of Wood, Essay on the Strength 
of Timber, Remarks on the Growth of Timber, &c. By W. Richardson. Fcap. 
8vo, 3^. 6d. cloth, 
"This handy manual contains much Taluable information for the use of timber merchants, builders, 
foresters, and all others connected with the growth, sale, and manufacture o(umhcT,*''^T0umaiit/'Finrstfy, 

Timber Freight Booli. 

THE TIMBER MERCHANT'S, SAW MILLER'S, AND IMPORTER'S 
Freight Book and Assistant. Comprising Rules, Tables, and Memoranda 
relating to the Timlier Trade. By William Richardson, Timber Broker ; together 
with a Chapter on Speeds of Saw Mill Machinery by M. Powis Bale 
M.I.M.E., &c. i2mo, ys, (>d, cloth boards 

'* A very useful manual of rules, tables, and memoranda relating to the timber trade. We recom- 
mend it as a compendium of calculation to all timber measurers and merchants, and as supplying a real 
want in the tndtJ'^Buiidif^ News. 

PaolflngOaae Malfers, Tables for. 

PACKING-CASE TABLES ; showing the number of Superficial Feet 
in Boxes or Packing-Cases, from six inches square and upwards. By W. Richard- 
son, Timber Broker. Third Edition. Oblong 410, 3/. 6d. doth. 
*' Invaluable labour-saving tables."— /fwui«Mif«r. *' Will save much labour and calculation.'*~Cniifrr. 

Superficial Measurement 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEASUREMENT. 

Tables calculated from i to 200 inches in length, by i to 108 inches in breadth. 

For the. use of Architects, Surveyors, Engineers, Timber Merchants, Builders, &c. 

By James Hawkings, Fourth Edition. Fcap., 3^. 6</. cloth. 

*' A useful collection of tables to &cilitate rapid calculation of surfaces. The exact area of any 

surface of which the limits have been ascertained can be instantly determined. The book will be found 

of the greatest utility to all engaged in building operations."— ^S^^/immm. 

" These tables will be found of great assistance to all who require to make calculations in superficial 
measurement.'*— ^^ZwA Mechanic, 

Forestry. 

THE Elements of forestry. Designed to afford Infonnation 
concerning the Planting and Care of Forest Trees for Ornament or Profit, with 
suggestions upon the Creation and Care of Woodlands. By F. B. Hough. Large 
crown 8vo, los. cloth. 

Timber importer's Guide. 

The Timber Importer's, Timber Merchants, and Builder's 

Standard Quide. By Richard £. Grandy. Comprising :— An Analysis of 
Deal Standards, Home and Foreign, with Comparative Values and Tabular 
Arrangements for fixings Net Land^ Cost on Bi^tic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c. &c ; together with 
copious Information for the Retailer and Builder. Third Edition, Revised. i2mo, 
2s. cloth limp. 

*' Everything it pretends to be : built up gradualljr, it leads one from a forest to a treenail, and throws 
io, as a nuikeweight, a host of material concerning bricks, columns, cisterns, &,c,**"-English MecMamc, 
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DSCORATIVS ARTS, etc. 



Woods and Marbles, Imitation of. 

School of painting for the imitation of woods and 

MARBLES, as Taught and Practised by A« R. Van dbr Buro and P. Van dkr 
Burg, Directors of the Rotterdam Painting Institution. Rojral folio, iSJ by 12^ 
in., Illustrated with 24 fuU-size Coloured Plates ; also 13 plain Plates, comprising 
154 Figures. Second and Cheaper Edition. Price ;^i iix. 6<^ 

List op Plates. 

T. Various Tools Rkquikbd for Wood liminary Stacks of Process and Finished 

Painting. — a, 3. Walnut ; Preliminary Stages Specimen.— 19. Mahogany ; Specimens of Vari- 

of Graining and Finished Specimen.— 4. Tools ous Grains and Methods of Manipulation.— 

Used for Marble Painting and Method of 20, ai. Mahogany ; Earlier Stages and 

Manipulation. — 5, 6. St. Remi Marble; { Finished Specimen. — 23,33 21. Sienna Marble; 

Earlier Operations and Finished Specimen, i Varieties of Grain, Preliminary Stages and 

— 7. Methodsof Sketching DifferbntGrains, Finished Specimen.— 33, 26, 37. Juniper Wood ; 

Knots. &c.— 8, 9, Ash : Preliminary Stages Methods of Producing Grain, Ac. ; Prblimi< 

and Finished Specimen.— 10. Methods of nary Stages and Finished Specimen.— 28, 29 

Sketching Marble Grains.— ii, 12. Breche i 30. Vert de Mbr Marblb; Varieties of 

Marble ; Preliminary Stages of Working ' Grain and Methods of Working, Unfinishbo 

and Finished Specimen.— 13. Maple- Me- j and Finished Specimens.— 31, 32, 33. Oak; 

thods of Producing the Different Grains. Varieties of Grain, Tools Employed and 

— 14, 15. Bird's-£yb Maple; Preliminary Methods of Manipulation, Preliminary 

Stages and Finished Specimen.— i^. Methods i Stages and Finished Specimen.— 34, ^5. 36 

OF Sketching the Different Species of | Waulsort Marble; Varieties of Grain 

White Marble. — 17, 18. White Marble ; Pre- Unfinished and Finished Specimens. 

** Those who denre to attain skill in the art of painting woods and marbles will find advantage in 
consulthiK this book. . . . Some of the Working Men's Clubs should give their young men the 
opportunity to study it.**~-B$uider, 

** A comprehensive guide to the art. The explanations of the processes, the manipulation and manage- 
ment of the colours, and the beautifully executed plates will not be the lesst valuable to the student «ybo 
aims at making his work a faithful transcript of nature." — Building Ntws. 

Wall Paper. 

WALL Paper Decoration. By Arthur Seymour Jennings, 

Author of '* Practical Paper Hanging.*' With numerous Illustrations. Demy 8vo. 

[In preparation. 

House Decoration. 

ELEMENTARY DECORATION : A Guide to the Simpler Forms of 
Everyday Art. Together with PRACTICAL HOUSE DECORATION. By Jambs W. 
Facsy. With numerous Illustrations. In One Vol., $/. strongly half-bound. 

House-Painting, Graining, etc. 

HOUSE-PAINTING, GRAINING, MARBLING, AND SIGN WRITING, 
A Practical Manual of. By Ellis A. Davidson. Sixth Edition. With Coloured 
Plates and Wood Engrarings. i2mo, 6x. cloth boards. 
" A mass of information, of use to the amateur and of value to the practical vaaxL'*^EM£liik MeckmMic, 

Decorators, Receipts for. 

THE DECORATOR'S ASSISTANT : A Modem Guide to Decora- 
tive Artists and Amateurs, Painters, Writers, Gilders, &c. Containing upwards of 
600 Receipts, Rules and Instructions ; with a variety of Information for General 
Work connected With every Class of Interior and Exterior Decorations, Ac, 
Fifth Edition, Revised. 152 pp., crown 8vo, ix. in wrapper. 

•• Full of receipts of value to decorators, painters, gilders. &c. The book contains the ffist of larver 
treatises on colour and technical processes. It would be difficult to meet with a work so full of vaned 
information on the painter's art."— ^m^m^ I/nu, 

Moyr Smith on Interior Decoration. 

Ornamental iNtERioRS, ancient and Modern. By j. Moyr 

Smith. Super-royal 8vo, with Thirty-two full-page Plates and numerous smaller 
Illustrations, handsomely bound in cloth, gilt top, i8x. 

" The book is well illustrated and handsomelv got up, and contaias tooM tnie criddam and a good 
many good examples of decorative treatment."— Dfar Buildir, 
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Britiah and Foreign Marbles. 

Marble Decoration and the Terminology of British and Foreign 

Marbles. A Handbook for Students. By George H. Blagrove. Author of 

"Shoring and its Application/' &c. With 28 Illustrations; Cr. 8vo, ys. 6^. cloth. 

- *'Thit most useful and much wanted handbook should be in the hands of every architect and 

hnWdtrr-^Buildimg World. 

** A carefully and usefully written treatise; the work is essentially practicaI."~5co/smai>. 

Marble Working, etc. 

Marble and Marble workers : A Handbook for Architects, 
Artists, Masons, and Students. By Arthur Lee, Author of *< A Visit to Carrara," 
"The Working of Marble.** &c. Small crown 8vo. 2s. cloth. 
" A really valuable addition to the technical literature of architects and misons.**^Building Newt, 



DELAMOTTE'S WOR KS ON ILLUMINATIO N AND ALPHABETS. 

A PRIMER OF THE ART OF ILLUMINATION, for the Use of Beginners; 
with a Rudimentary Treatise on the Art, Practical Directions for its Exercise, 
and Examples taken from Illuminated MSS., printed in Gold and Colours. By 
F. Delamotte. New and Cheaper Edition. Small 4to, dr. ornamental boards. 
"The examples of ancient MSS. recommended to the student, which, with much good sense, the 

author chooses from collections accessible to all* are selected with judgment and knowledge, as well as 

taste. **^A tJUnmum. 

Ornamental alphabets, Ancient and Mediaeval, from the Eighth 
Century, with Numerals ; including Gothic, Church-Text, large and small, German, 
Italian, Arabesque, Initials for Illumination, Monograms, Crosses, &c. &c., for the 
use of ' Architectural and Engineering Draughtsmen, Missal Painters, Masons, 
Decorative Painters. Lithographers, Engraver^, Carvers, &c. &c. Collected and 
Engraved by F. Delamotte, and printed in Colours. New and Cheaper Edition. 
Royal 8vo, oblong, 2x. 6d. ornamental boards. 
*' For those who insert enamelled sentences round gilded chalices, who blazon shop legends over shop- 

<loors, who letter church walls with pithy sentences from the Decalogue, tnis book wtU be useful. "« 

Athfmai$m, 

EXAMPLES OF MODERN ALPHABETS, Plain and Ornamental, 
including German, Old English, Saxon, Italic, Perspective, Greek, Hebrew, Court 
Hand, Engrossing, Tuscan, Riband, Gothic, Rustic, and Arabesque ; with several 
Original Designs, and an Analysis of thp Roman and Old English Alphabets, large 
and small, and Numerals, for the use of Draughtsmen, Surveyors, Masons, Decora- 
tive Painters, Lithographers, Engravers, Carvers, &c. Collected and Engraved by 
F. Delamotte, and printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2s. 6d. ornamental boards. 

" There is comprised in it every possible shape into which the letters of the alphabet and numerals can 
be formed, and the talent which has been expended in the conception of the various plain and ornamental 
letters is wonderful.*'— vS/oiM^ri/. 

Medi>cval alphabets and, initials FOR Illuminators. 

By F. G. Delamotte. Containing 21 Plates and Illuminated Title, printed in 
Gold and Colours. With an Introduction by J. Willis Brooks. Fourth and 
Cheaper Edition. Small 4to, 4J. ornamental boards. 
" A volume in which the letters of the alphabet come forth glorified in gilding and all the colours of 
Che prism interwoven and intertwined and intermingled." — S«h, 

The EMBROIDERER'S BOOK OF DESIGN. Containing Initials, 
Eipblems, Cjrphers, Monograms, Ornamental Borders, Ecclesiastical Devices, 
Mediaeval and Modem Alphabets, and National Emblems. Collected by F. Dela- 
motte. and printed in Colours. Oblong royal 8vo, is. 6d. ornamental wrapper. 
" The book will be of great assistance to ladies and young children who are endowed with the art of 

plying Che needle in this most ornamental and useful pretty work.'* — £ast Anglian Times. 



Wood Carving. 

INSTRUCTIONS IN WOOD-CARVING FOR AMATEURS; with Hints 
on Design. By A Lady. With Ten Plates. .New and Cheaper Edition. Crown 
8vo, 2x. in emblematic wrapper. 

"The handicraft of the wood-carver, so well as a book can impart it, may be learnt from 'A Lady's 
publication." — A (ketuntmt 
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NAT URAL SCIBNCB , etc. 

The Heavens and their Origin. 

The Visible Universe : Chapters on the Origin and Construc- 
tion of the Heavens. By J. E. Gore, F.R.A.S., Author of ** Star Groups." &c. 
Illustrated by 6 Stellar Photographs and 12 Plates. Demy 8vo, i6f. cloth. 
*' A valuable and lucid summary of recent astronomical theonr, rendered more TaluaUe and attractive 
by a series of stellar photographs and other illustrations.''— rAr Timet, 

'* In presenting a clear and concise account of the present sute of our knowledge, Mr. Gore has 
made a valuable addiiion to the literatuns of the subject." — .Nmturt. 

" Mr. Gore's ' Visible Universe ' is one of the finest works on astronomical science that has recently 
appeared in our language. In spirit and in method it is scientific from cover to cover, but the style is so 
clear and attractive that it will be as acceptaUe and as readable to those who make no scientific preten- 
sions a« to those who devote themselves %\ ecially to matters astronomical."— Z./^^ Mercurv. 

** As interesting as a novel, and instructive withal ; the text being made still more luminous by 
stellar photographs and other illustrations. . . . A most valuable book."— iKfMKi«r/rr^jr«MiM/r. 

The Constellations. 

Star Groups : a student's Guide to the Constellations. By J. 

Ellard Gore, F.R.A.S., M.R.I.A., &c.. Author of "The Visible Universe," 

"The Scenery of the Heavens." With 30 Maps. Small 4to, 5x. doth, silvered. 

" A knowledge of the principal conf tellations visible in our latitudes may be easily acquired from 

the thirty maps and accompanying text contained in this work."— A^^/vry. 

"The volume conuins thirty maps showing stars of the sixth magnitude — the usual naked-eye limit 
—and each is accompanied by a brief commentary, adaoted to facilitate recognition and bring to notice 
objecu of special interest. For the purpose of a preUminary survey of the ' midnight pomp ' of fbe 
heavens, nothing coold be better than a set of delineations averaging scarcely twenty square inches in 
area, and including nothing that cannot at once be identified.*'— .Stf/Mrt^jr Rtvigw, 
** A very compact and handy guide to the constellations."— ^/AMMnuw. 

Astronomical Terms. 

AN ASTRONOMICAL GLOSSARY ; or, Dictionary of Terms used in 

Astronomy. With Tables of Data and Lists of Remarkable and Interesting 

Celestial Objects. Bv J. Ellard Gore, F.R.A.S., Author of *'The Visible 

Universe," &c. Small crown 8vo, 2s, 6d. cloth. 

" A very useful little work for beginners in astronomy, and not to be despised by more advanced 
students.*'— 7*Ar Times. 

**A very handy book . . . the utility of which is much increased by its valuable taUes of astro- 
nomical data." — Tkg Atkeiueum. 

*' Astronomers of all kinds will be glad to have it for reference."— i7iMnAk«i. 

The Miorosoope, 

The Microscope : its Construction and Management Including 
Tedinique, Photo-micrography, and the Past and Future of the Microscope. By 
Dr. Henri van Heurck, Director of the Antwerp Botannical Gardens. English 
Edition, Re-Edited and Augmented by the Author from the Fourth French Edition, 
and Translated by Wynne £. Baxter, F.R.M.S., F.G.S., &c. About 400 pages, 
with Three Plates and upwards of 250 Woodcuts, imp. 8vo, i8x., doth gilt. 

"This is a translation of a well*known work, at once popular and comprehenave, on the structure, 
mechanism, and use of the microscope."— TVmrx. 

*' The translation is as felicitous as it is accurate."— Na<i»r«. 

Astronomy. 

ASTRONOMY. By the late Rev. Robert Main, M. A., F.R.S. Third 
Edition, Revised by William Thynne Lynn, B.A., F.R.A.S., formerly of the 
Royal Observatory, Greenwich. i2mo, 2s, cloth limp. 

'* A sound and simple treatise, very carefully edited, and a capital book forhmnntn.^'—ICHcwleJ^e. 

** Accurately brought down to the requirements of the fvesent time by Mr.Lynn.*^— .^/wca/iMMs/ Times, 

Recent and Fossil Shells. 

A MANUAL OF THE MOLLUSCA : Being a Treatise on Recent and 
Fossil Shells. By S. P. Woodward, A.L.S.. F.G.S., late Assistant Paleontologist 
in the British Museum. With an Appendix on Recent and Fossil Conchologi- 
CAL Discoveries by Ralph Tate, A.L.S., F.G.S. Illustrated by A. N. Water- 
house and Joseph Wilson Lowry. With 23 Plates and upwards of 300 
Woodcuts. Reprint of Fourth Edition (1880). Crown 8vo, js. 6d, cloth. 
' A mc^ valuable storehouse of conchological and geological information , "Sdemce Gossip. 

Geology and Genesis. 

THE Twin Records of Creation ; or Geology and Genesis, 
their Perfect Harmony and Wonderful Concord. By G. W. V. le Vaux, 8vo, 5j. d- 
" A valuable contribution to the evidences of Revelation, and dimoses very conclusively of the axwo- 

ments of those who would set God's Works against God's Wprd. No real difficulty is shirked, nDdiio 

%o\ his. ry is left unexposed."— The Keck, 
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DR. LARDNER'8 COURSE OF NATURAL PHILOSOPHY. 

The Handbook of mechanics. Enlarged and almost re-written 
by Brnjamin Loewy, F.R.A.S. With 378 Illustrations. Post 8vo, 6s. cloth. 

'* The perspicuity of the original has been retained, and chapters which had become obsolete have 
been replaced by others of more modem character. The explanations throughout are studiously ^pular, 
and care has been taken to show the application of the various branches of physics to the industrial arts, 
and to the practical business of life."— A/imm/- youmal. 

** Mr. LoewT has carefully revised the book, and brought it up to modem requirements."— iVa/wrv. 

** Natural philosophy has had few exponents more able* or better skilled in the art of popularising the 
subject than Dr. Lardner : and Mr. Loewy is doing good service in fitting this treatise, and the others 
of the series, for use at the present time."— Jctf/«iwa«. 

The Handbook of hydrostatics and pneumatics. New 

Edition, Revised and Enlarged by Benjamin Loewy, F.R.A.S. With 236 
Illastrations. Post 8vo, 5^. cloth. 

'* For those ' who desire to attain an accurate knowledge of physical science without the profound 
methods of mathematical investigation,' this work is not merely intended, but well adapted."— c^miVa/ 

"The volume before us has been carefully edited, augmented to nearly twice the bulk of the former 
edition, and all the most recent matter has been added. . . . It is a valuable text-book." — Nahtrt. 

" Candidates for pass examinations will find it, we think, specially suited to their requirements."— 
English Mtchanic. 

The Handbook of heat. Edited and almost entirely re-written 
by Benjamin Loewy, F.R.A.S., &c. 117 Illustrations. Post 8vo, ts. cloth. 

"The style is a^lways clear and precise, and conveys instruction without leaving any cloudiness or 
lurking doubu behind.' —EnsiHtering. 

** A most exhaustive book on the subject on which it treats, and is so arranged that It can be under- 
stood by all who desire to attain an accurate knowledge of physical science. . . . Mr. Loewy has 
included all the latest discoveries in the varied laws and effects of hczt."~'Siat$iiard. 

" A complete and handy text-book for the use of students and general readers."— ^a^/(M Michamc, 

The Handbook of Optics. By Dionysius Lardner, d.c.l., 

formerly Professor of Natural Philosophy and Astronomy in University College, 
I^ondon. New Edition. Edited by T. Olver Harding, B. A. Lond., of University 
College, London. With 298 Illustrations. Small 8vo, 448 pages, 5^. cloth. 

"Written by one of the ablest English scientific writers, beautifully and elaborately illustrated." 
'—Mechanic's Magazine, 

The handbook of Electricity, Magnetism, and acoustics. 

By Dr. Lardner. Ninth Thousand. Edited by Geo. Carey Foster, B.A., 
F.C.S. With 400 IllustraUons. Small 8vo, 51. cloth. 

"The book could not have been entrusted to anyone belter calculated to preserve the terse and 
lucid style of Lardner, while correcting his errors and bringing up his wotk lo the present state of 
scientific knowledge." — Popular Science Review, 

The Handbook of astronomy. Forming a Companion to the 
"Handbook of Natural Philosophy." By Dionysius Lardner, D.C.L., 
formerly Professor of Natural Philosophy and Astronomy in University College, 
London. Fourth Edition. Revised and Edited by Edwin DuNKiN, F.R.A.S., 
Royal Observatory, Greenwich. With 38 Plates and upwards of 100 Woodcuts. 
In One VoL, small 8vo, 550 pages, 9/. (>d, cloth. 

" Probably no other book contains the same amount of information in so compendious and well- 
arranged a form— certainly none at the price at which this is offered to the ^yxhWc"— A thenmum, 

" We can do no other than pronounce this work a most valuable manual of astronomy, and we 
strongly recommend it to all who wish to acquire a general — but at the same time ciMrect— acquaintance 
with this sublime science." — Quarterly Journal ef Science. 

*' One of the most deservedly popular books on the subject . • . We would recommend not only 
thestudentoftheelementarypnnciples of the science, but himwhoaim^ at masteringp the higher and 
mathematical branches of astronomy, not to be without this work beside }DL\m**'—PracUcal Magasine. 

Geology. 

Rudimentary Treatise on Geology, physical and 

Historical. Consisting of ** Physical Geology," which sets forth the Leading 
Principles of the Science ; and ** Historical Geology," which treats of the Mineral 
and Organic Conditions of the Earth at each successive epoch, especial reference 
being made to the Britbh Series of Rocks. By Ralph Tate, A.L.S., F.G.S., 
&c. &c. With 250 Illustrations. i2mo, 5j. cloth boards. 
" The fulness of the matter h«s elevated the book into a manual Its information is •xhaustire and 
well 9Xt9inged.**—Seka0l Board ChronicU. 

C 
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DR. LARDNER'S MUSEUM OF SCIENCE AND ART. 

THE MUSEUM OF SCIENCE AND ART. Edited by Dionysius 
Lardner, D.C.L., formerly Professor of Natural Philosophy and Astronomy in 
University College, London. "With upwards of 1,200 Engravings on Wood. In 6 
double volumes, £1 is., in a new and elegant cloth binding; or handsomely 
bound in half morocco, ^is. 6d. 



" This series, besides affording popular but sound instruction on Mrientific subjects, with which the 
humblest man in the country ought to be acquainted, aUo undertakes that teaching of * Common Things ' 
which every well wisher of his kind is anxious to promote. Many thousand copies of this serviceable 
publication have been printed, in the belief and hope that the desire for instruction and improvement 
widely prevails ; and we have no fear that such enlightened laith wil meet with disappointment" — 
y*A/ Timts. 

^ '* A cheap and interesting; publication, alike informinjr and attractive. The papers combine subjects 
of importance and great scientific knowledge, considerable inductive powers, and a popular style of 
treatment. "—^9/tfc/a/^. 

" The * Museum of Science and Art ' is the most valuable contribution that has ever been made to 
the scientific instruction of every class of society."— Sir David BRawsTss, in the North British 
Review. 

'* Whether we consider the liberality and beauty of the illustrations, the charm of the writing, or 
the durable interest of the matter, we must express our belief that there is hardly to be found among the 
new books one that would be welcomed by people of so many ages aud classes as a valuable present." — 
Examiner. 

*J^ Separate books formed from the above, suitable for tVorkmen*s Libraries, 
Science Classes, &*c. 

Common Things Explained. Containing Air, Earth, Fire, Water, Time, Man, 
the Eye, Locomotion, Colour, Clocks and Watches, &c. 233 Illustrations, clotb 
gilt, 5^. 

The Microscope. Containing Optical Images, Magnifying Glasses, Origin and 
Description of the Microscope, Microscopic Objects, the Solar Microscope, Micros 
scopic Drawing and Engraving, &c, 147 Illustrations, cloth gilt, 2s. 

Popular Geology. Containing Earthquakes and Volcanoes, the Crust of the 
Earth, &c 201 Illustrations, cloth gilt, 2s. 6d. 

Popular Physics. Containing Magnitude and Minuteness, the Atmosphere^ 
Meteoric Stones, Popular Fallacies, Weather Prognostics, the Thermometer, the 
Barometer, Sound, &c. 85 Illustrations, cloth gilt, 2s. 6d. 

Steam and its Uses. Including the Steam Engine, the Locomotive, and Steam 
Navigation. 89 Illustrations, cloth gilt, is. 

Popular Astronomy. Containing How to observe the Heavens. The Earth, Sun, 
Moon, Planets. Light, Comets, Eclipses, Astronomical Influences, &c 182 Illus- 
tmtionsy cloth gilt, 41. 6d. 

The Bee and White Ants : Their Manners and HabiU. With Illustrations of 
Animal Instinct and Intelligence. 135 Illustrations, cloth gilt, 2s. 

The Electric Telegraph Popularized. To render mtelligible to all who can 
Read, irrespective of any previous Scientific Acquirements, the various forms of 
Telegraphy in Actual Operation. 100 Illustrations, cloth gilt, is. 6</. 



Dr. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 328 

Illustrations. Sixth Edition. One VoL, ys, 6d. cloth. 
** A very convenient class-book for junior students in private schools. It is intended to convey, in 
clear and precise tenns, generad notions of all the principal divisions of Physical Science.'*— ^n'/iVA 
Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Larpner. With 
190 Illustrations. Second Edition. One Vol., y. 6d. cloth. 
•* Qearly written, well arranged, and excellently illustrated,"~<;rtn^i»*r'* Chronicle, 

Lardner and Bright on the Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. Revised and 
Re-writion by E. B. Bright, F.R.A.S. 140 Illustrations. Small 8vo, 2s. 6d. cloth. 
" One of the most readable books extant on the ElectricTelegraph.''*-£Mif ^A Mechanic. 
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CHEMICAL MANUFACTURES, CHEMISTRY, etc. 

Chemistry for Engineers, etc, 

ENGINEERING CHEMISTRY : A Practical Treatise for the Use of 

Anal3rtical Chemists, Engineers, Iron Masters, Iron Founders, Students and others. 

Comprising Methods of Analysis and Valuation of the Principal Materials used in 

Engineering Work, with numerous Analyses, Examples and Suggestions. By H. 

Joshua Phillips, F.I.C, F.C.S., Formerly Analytical and Consulting Chemist 

to the Great Eastern Railway. Second Edition, Revised and Enlarged. Crown 

8vo, 400 pp., with Illustrations, loj. 6d, cloth. [Just published, 

" In this work the author has rendered no small service to a numerous body of practical men. . . 

The analytical methods may be pronounced most satisfactory, being as accurate as the de^>atch required 

of engineering chemists permits."— C/<#Mr/Va/ Nrws. 

"Those in search of a handy treatise on the snbiect of analytical chemistry as applied to the 
every-day requirements of workshop practice will 6nd this volume of preat assistance."— Jron. 

" The first attempt to brini; forward a Chemistry specially written for the use of Angineers. and 
we have no hesitation whatever in saying that it should at once be in the possession of every railway 
engineer."— rA# Railway Engineer. 

'* The book will be very useful to those who require a handy and concise risumi of approved 
methods of analysing and valuing metals, oils, fuels, &c. It is. in fact, a work for chemists, a guide 
to the routine of the engineering laboratory. . . . The book is full of good things. As a handbook of 
technical analysis, It is very welcome."— Bwi/drr. 

" Considering the extensive ground which such a subject as Engineering Chemistry covers, the 
work is complete, and recommends itself to both the practising analyst and the analytical student." — 
Chemical Trade Journal. 

" The analytical methods given are. as a whole, such as are likely to give rapid and trustworthy 
results in experienced hands. . . . There is much excellent descriptive matter in the work, the 
chapter on * Oils and Lubrication ' being specially noticeable in this respect." — Engineer. 

The Alliali Trade, Manufacture of Sulphuric Acid, Ac. 

A MANUAL OF THE ALKALI TRADE, including the Manufacture 
of Sulphuric Acid, Sulphate of Soda, and Bleaching Powder. By John Lomas, 
Alkali Manufacturer, Newcastle-upon-Tjme and London. With 232 Illustrations, 
and Working Drawings, and containing 390 pages of Text. Second Edition, 
with Additions. Super-royal 8vo, £1 lor. cloth. 

'* This book is written by a manuracturcr for manufacturer*. The working details of the most ap« 
proved forms of apparatus are given, and these are accompanied by no less than 2^a wood engravings, all 
of which may be used for the purposes of construction. Every step in the manufacture u very fully 
described m this manual, and each improvement explained." — Atfunaum. 

^ " We nnd not merely a sound and luminous explanation of the chemical principles of the trade, but a 
notice of numerous matters which have a most important bearing on the successful conduct of alkali works^ 
but which are generally overlooked by even experienced technological authors." — Cfumical Kevirw. 

The Blowpipe, 

The Blowpipe in Chemistry, mineralogy, and Geology. 

Containing all known Methods of Anhydrous Analysis, many Working Examples, 

and Instructions for Making Apparatus. By Lieut. -Colonel W. A. Ross, R.A.» 

F.G.S. With 120 Illustrations. Second Edition, Revised and Enlarged. Crown 

8vo, 5j. cloth. 

" The student who goes conscientiously through the course of experimentation here laid down will 

gain a better insight into inorganic chemistry and mineralogy than it he had ' sot uo ' any of the best 

text-books of the day, and passed any number of examinauons in their contents." — Cktmicat New*. 

Commercial Chemical Analysis, 

THE Commercial Handbook of chemical analysis ; or. 

Practical Instructions for the determination of the ' Intrinsic or Commercial Value 
of Substances used in Manufactures, in Trades, and in the Arts. By A. Normandy, 
Editor of Rose's "Treatise on Chemical Analysis." New Edition, to a great 
extent re-written by Henry M. Noad, Ph.D., F.R.S. With numerous Illus- 
trations. Crown 8vo, 12s. 6d. cloth. 
'* We strongly recommend this book to our readers as a guide, alike indiq)ensable to the housewife 
as to the pharmaceutical practitioner.'' — Medical Times. 

" Essiential to the analysts appointed under the new Act. The most recent results are given, and the 
•work is well edited and carefully written." — Nature. 

Dye-Wares and Colours. 

THE Manual of Colours and Dye-Wares : Their Pro- 
perties, Applications, Valuations, Impurities, and Sophistications. For the use of 
Dyers, Printers, Drysalters, Brokers, &c By J. W. Slater. Second Edition, 
Revised and greatly Enlarged, crown Sro, 7j. 6d, cloth. 
*' A complete encyclopaedia of the materia tinctoria. The information given respecting each article 

is full and precise, and the methods of determining the value of articles such as these, so liable to sophis^ 

tication, are given with clearness, and are practicalan well as valuable." — Chemist and Druggist. 

"There is no other work which covers precisely the same ground. To students preparing for 

examinations ic dyeing and printing it will prove exceedingly useful."— CA«Mr/Va'AVw«. 



36 CROSBY LCCKWOOD ^ SON'S CATALOGUE. 



Modern Brewing and Malting. 

A HANDYBOOK FOR BREWERS : Being a Practical Guide to the 
Art of Brewing and Malting. Embracing the Conclusions of Modem Research 
which bear upon the Practice of Brewing. By HERBsaT Edwaeds Wright. 
M. A. Crown 8vo, 530 pp., lar. 6</. doth. 

'* May be consulted with advantage by the student who is prepariog himself for examinational 
tests, Willie tlie scientific brewer will find in it a rituwU of all the most important discoveries ot 
modem times. The worlc is written throughout in a clear and concise manner, and the author talces 
great c^re to discriminate l>etween vague theories and well-esublished facts."— firrwm' Journal, 

** We have great plotfure in recommendiog this handybook, and liave no hesitation in saying that 
it is one of the best—if not the best— which has yet been wiitten 00 the subject of beer-brewing m tikis 
countnr. it should have a place on the shelves of every brewer's library."— ^nrmrr*« Guartlimn. 

" AltlKNii^ the reouirenents of the student are primarily considered, an acquainuoce of half-an* 
hour's duratioa cannot fail to impress the practical brewer with the sense of having found a trustworthy 
cuide and practical counsellor in brewery nuitters."— Ckemicml Trade Journal, 

Analysis and Valuation of Fuels. 

FUELS: Solid, Liquid, and Gaseous: Their Analysis and 
Valuation. For the Use of Chemists and Eng^ineers. By H. J. Phillips, F.C.S., 
Formerly Analytical and Consulting Chemist to the Great Eastern Railway. 
Second Edition, Revised and Enlarg^. Crown 8vo, 5j. cloth. 

" Ought to have iu place in the laboratory of every metallurgical esublishment, and wherever 
fuel is used on a large scale."— CA^mira/ Seun. 

** Cannot fail to oe of wide interest, espacially at the present \Amt,**— Railway New$, 

Pigments. 

The ARTISTS' MANUAL OF PIGMENTS. Showing their Com- 
position. Conditions of Permanency, Non- Permanency, and Adulteration.^ ; Effects 
in Combination with Each Other and with Vehicles ; and the most Reliable Tests 
of Purity. Together with the Science and Arts Department's Examination Ques- 
tions on Painting. By H. C. Standagr. Se':ond Edition, crown 8vo, 2s. 6d, cloth. 
** This work is indeed multum-in-^rvo, and we can, with good conscience, recommend it to all » ho 
come in contact with pigments, whether as makers, dealers, or users." — Chtmical Rrvitw, 

Gauging. Tables and Rules for Revenue Officers, Brewers, Ac. 

A POCKET BOOK OF MENSURATION AND GAUGING : Containing 

Tables, Rules, and Memoranda for Revenue Officere, Brewers, Spirit Merchants, &c. 

ByJ. B. Mant (Inland Revenue). Second Edition, Revised. i8mo, 41. leather. 

*' This handy and umIuI book is adapted to the reouirements of the Inland Revenue Department. 

and will bs a favourite book of reference. The range of subjects is comprehensive, and the arrangement 

simple and clear." — Civilimu, *' Should be in the hands of every practical brewer.**— ^rruvrr' Journal, 



INDUSTRIAL ARTS, TRADES AND MANUFACTURES. 



Cotton Spinning. 

Cotton manufacture : A Manual of Practical Instruction in 
the Processes of Opening, Carding, Combing, Drawing, Doubling and Spinning 
of Cotton, and the Methods of Dyeing and Preparing Goods for tie Market. For 
the Use of Operatives, Overlookers and Manufacturers. Bv John Lister, 
Technical Instructor, Pendleton. With numerous Illustrations. 8vo, ys, 6d, cloth. 

[J$isl pm6/isk<d. 

Flour Manufacture, Milling, etc. 

FLOUR Manufacture : a Treatise on Milling Science and Prac- 
tice. By Fr(edrich Kick, Imperial Regierungsrath, Professor of Mechanical 
Techmtlogy in the Imperial German Polytechnic Institute, Prague. Translated 
from the Siecond Enlarged and Revised Edition with Supplement. By H. H. P. 
PowLES. Assoc Memb. Institution of Civil Engineers. Nearly 400 pp. Illustrated 
with 28 Folding Plates, and 167 Woodcuts. Roy. 8vo, 25J. cloth. 
** Thtt valuable work is, and will remain, the standard authority on the science of millinf . . . : 
The miller who has read and digested this work will have laid the foundation, so to speak, of a successful 
career : he will have acquired a number of general principles which he can proceed to applv. In this 
handsome volume we at last have the accepted text-book of modem nulling in good, sound English, 
which has little, if any, tiace or the German idiom."— TVfc^ MilUr, 

" The appearance of this celebrated work in English is very opportune, and British millers will, we 
are sure, not be slow in availinjr themselves of its pages. "—iVfiV/^i' CaMttte, 
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Agglutinants. 

Cements, pastes, Glues and Gums : A Practical Guide to the 
Manufacture and Application of the various Agglutinints required in the Building, 
Metal- Working, Wood -Working, and Leather- Working Trades, and for Workshop, 
Laboratory or Office Use. With upwards of 900 Recipes and Formulae. By H. C. 
Standaoe, Chemist. Crown 8vo, 2s. 6d, cloth. [Just ptiblished, 

"We have pleasure in spwaktng favourably of this volume. So far as we have had experience, - 
which is not inconriderable, this manual is trustworthy." — Athtnttum. 

*'As a revelation of what ant considered trade secret*, this book will arouse an amount of 
curiosity among the large number of industries it touches."— Z?a/7>' CkronUU, 

'* In thix goodly coUeciion of reapes it would be strange if a cement lor any purpose cannot be 
unjmd,**^Otl M$d CoUurman^s JamrMal. 

Soap^maklng. 

The Art of Soap-making : a Practical Handbook of tl/C 
Manufacture of Hard and Soft Soaps, Toilet Soaps, &c. Including many New 
Processes, and a Chapter on the Recovery of Glycerine from Waste Lcjrs. By 
Alexander Watt. Fourth Edition, Enlarged. Crown 8vo, 7s, 6d. doth. 

" The work will prove very useful, not merely to the technological student, but to the practical soap- 
boiler who wishes to undersund the theorv of his art."— C^mwco/ News, 

** A thoroughly practical treatise on an art wh«ch hax almost no literature in our language. We con- 
gratu'ate the author on the success of his ende&voar to fill a void in English technical literaitire.**— Ak/«^ 

Paper Making. 

Practical Paper-Making: a Manual for Paper-makers and 

Owners and Managers of Paper-MiUs. With Tables, Calculations; &c. By G. 

Clapperton, Paper-maker. With Illustrations of Fibres from Micro- photographs. 

Crown 8vo, 5J. cloth. [Just published. 

"The author caters for the reqn'rement^ of responsible mill hands, aoprentlces. &c., whilst his 
manuU will be found of Kreat serv.ce to students ot technology, as well an to veteran paper-makers 
and mill owners. The illustrations form an excellent f <a»u'e.*'— TAr World** Pabtr Trade Review. 

" We recommend everybody in.erested in the trade to get a copy of this thoroughly practical 
hook:*-Papef Making. ^ VJ -e 7 *- 

Paper Making. 

The art of Paper making : A Practical Handbook of the 

Manufacture of Paper from Rags, Esparto. Straw, and other Fibrous Materials. 
Including the Manufacture of Pulp from Wood Fibre, with a Description of the 
Machinery and Appliances used. To which are added Details of Processes for 
Recovering Soda from Waste Liquors. By Alexander Watt, Author of "The 
Art of Soap-Making." With Illustrations. Crown 8vo, 7x. 6d. cloth. 
*' It may be regarded as the standard work on the subject. The book is full of valuable iofonna- 

tioQ. The ' Art of Paper-making/ i-t in every resoect a modal of a text-book, eltoer for a technical 

class, or for the private studeut.^'— Pu^r and Printing Trades Journal. 

Leather Manufacture. 

THE ART OF LEATHER MANUFACTURE : Being a Practical 
Handbook, in which the Operations of Tanning, Currying, and Leather Dressing 
are fully Described, and the Principles of Tanning Explained, and many Recent 
Processes Introduced ; as also Methods for the Estimation of Tannin, and a 
Description of the Arts of Glue Boiling, Gut Dressing, &c. By Alexander 
Watt, Author of <* Soap-Making," &c. Second Edition. Crown Svo, 9^. doth. 
*' A sound, comprehensive treatise on tanning and iu accessories. The book is an eminently valuable 

production, which redounds to the credit of both author and publishers."— <rA«iM/V«»/ Revie%d. 

Boot and Shoe Making. 

THE ART OF BOOT AND SHOE-MAKING: A Practical Hanc!- 

book, including Measurement, Last-Fitting, Cutting-Out, Closing and Making, 

with a Description of the most approved Machinery Employed. By John B. 

Leno, late Editor o{ St. Crispin^ and The Boot and Sho^ Maker. i2mo, 2/. cloth. 

'* This excellent treatise is by far the best work ever written. The chapter on clicking, which shows 

how waste may be prevented, will save fifty time» the piice of the book.**— 6V«//iM Leather Trader. 

Dentistry Construction. 

MECHANICAL DENTISTRY : A Practical Treatise on the Construc- 
tion of the various kinds of Artificial Dentures. Comprising also Useful Formulae, 
Tables, and Receipts for Gold Plate, Clasps, Solders, &c. &c. By C Hunter. 
Third Edition. With 100 Wood Engravings. Crown Svo, 3^. 6d. cloth. 
** We can strongly recommend Mr. Huucr's treatise to all stiidenu preparini; for the profession 

of dentistry, as well as to every mechanical d^niikt." — Duhlin Journal ef Jdedical Science, 
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Wood Engraving. 

WOOD Engraving : A Practical and Easy Introduction to the 
Study of the Art. By William Norman Brown. Second Edition. Wirh 
numerous Illustrations. 12 mo, is, 6d. cloth limp. 

"The book is clear and complete, and will be useful to anyone wanting to understand the first 
elements of the beautiiul art of wood engraving. "—CPnt/A/c'. 

Horology, 

A Treatise on modern horology, in Theory and Practice. 

Translated from the French of Claudius Saunier, ex-Director of the School of 
Horology at Macon, by Julien Tripplin, F. R.A.S., Besancon Watch Manu- 
facturer, and Edward Rigg, M. A., Assayer in the Royal Mint. With Seventy- 
eight Woodcuts and Twenty-two Coloured Copper Plates. Second Edition. 
Super-royal 8vo, £2 2s, cloth \ £% los, half-calf. 
" There is no horological wprk in the English language at all to be compared to this production of 
M. Saunter's for clearneM and completeness. It is alike good as a guide for the student and as a 
reference lor the experienced horologist and skilled workman." — Horologknl yournal, 

"The latest, the mokt complete, and the moM reliable of those hterary productions to which con- 
tinental watchmaker'^ are indebted for the me rhanical superiority over their Eiieli«h brethren— in fact, 
the Book of Books, is M. Saunier's * Treau»e.' "—iVrntckmaJur, JewelUr^ and SUverstmitk. 

Watchmaking. 

The WATCHMAKER'S HANDBOOK. Intended as a Workshop 
Companion for those engaged in Watchmaking and the Allied Mechanical Arts. 
Translated from the French of Claudius Saunier, and considerably enlarged by 
JULIBN Tripplin, F.R.A.S., Vice-President of the Horological Institute, and 
Edward Rigg, M.A.. Assayer in the Royal Mint. With numerous Woodcuts 
and Fourteen Copper Plates. Third Edition. Crown 8vo, 9^. cloth. 
*' Each part is truly a treatise in itself. The arrangement \% good and the language is clear and 
concise. It is an admirable guide for the youn« watchmaker."— ^«i^'i«/rr/«^. 

*' It is impossible to spe^k too highly of its excellence. It fuifiU every requirement in a handbook 
intended for the use of a woikman. dhould be found in every workshop." — iVatch and Clockmaktr. 

*' This book conuins an immense number of practical details bearing on the daily occupation of a 
watchmaker."— fTa/cAMiUrrtfiu/ MtUUworlur (Chicago). 

Watches and Timeheepera. 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. By 
Jambs F. Kendal, M.B.H. Inst., is. 6rf. boards ; or 2s, 6d. cloth, gilt. 
* Mr. Kendal's book, for its sice, is the best which has yet appeared on this subject in the 
English language."— /if^MS(rtr5. 

" Open the book where you may, there is interesting matter in it oooceming the ingenious 
devices of the ancient or modern horologer. The subject is treated in a liberal and entertaining 
spirit, as might be expected of a historian who is a master of the ci»ii." -Saturday Revitw. 

Electrolysis of Gold, Silver, Copper, &c. 

Electro-Deposition : a Practical Treatise on the Electrolysis ot 
Gold, Silver, Copper, Nickel, and other Metals and Alloys. With descriptions of 
Voltaic Batteries, Magneto and Dynamo- Electric Machines, Thermopiles, and of 
tlie Materials and Processes used in every Department of the Art, and several 
Chapters on Electro-Metallurgy. By Alexander Watt, Author of 
**Electio-Metallurgy,'' &c. Third Edition, Revised. Crown 8vo, 9^., cloth. 
' " Eminently a book for the practical wo^er in electro-deposition. It contains practical descriptions 
of methods, processes and mateiials, as actually pursued and used in the workshop.*' — Engituer. 

Electro-Metallurgy. 

ELECTRO-METALLURGY: Practically Treated. By Alexander 
Watt, Author of '* Electro-Deposition," &c. Ninth Edition, including the most 
recent Processes. i2mo, 41. cloth boards. 
' " Fr^m this book both amateur and artisan may learn everything necessary for the successful pro- 
secution of electroplatmg." — Jrvm. 

Working In Gold. 

The JEWELLER'S ASSISTANT IN THE ART OF WORKING IN 
Gold : a Practical Treatise for Masters and Workmen, Compiled from the 
Experience of Thirty Years' Workshop Practice. By George E. Gee, Author of 
'*The Goldsmith's Handbook," &c. Crown 8vo, 7^. 6d. cloth. 
"This manaal of technical education is apparently destined to be a valuable ausiliary to a handi- 
cralt which is cert.iiolv capable of great iroproreoient.**— 7**/ Times. 

*' Very useful io the worksHop, the knowledge i^ practKral. haviag bee* acquired by long expei* 
and all tke recipes and di4«ctio«s are giiaraaieed to be Mircciaftti."*7irMir//rr mnd Mttmhm rkt * , 
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Electroplating. 

Electroplating : a Practical Handbook on the Deposition of 
Copper, Silver, Nickel, Gold, Aluminium, Brass, Platinum, &c. &c. ; with 
Descriptions of the Chemicals, Materials, Batteries, and D3mamo Machines used in 
the Art. By J. W. Urquhart, C.E., Author of "Electric Light," &c. Third 
Edition, Revised, with Additions. Numerous Illustrations. Crown 8vo, 5^. cloth. 

** An excellent practical manual."— EfiFtiMmii;. 

** An excellent work, giving the newest Information."— Horotog^ica/ Journal. 

Electrotyping. 

ELECTROTYPING : The Reproduction and Multiplication of Printing 
Surfaces and Works of Art by the Electro-deposition of Metals. By J. W. 
Urquhart, C.E. Crown 8vo, 5j. cloth. 

"The book is thoroughly practical : the reader is, therefore, conducted throush the leading laws of 
electricity, then through the meuls used by electrotypers, the apparatus, and the depositing processes, up 
Co the final preparation of the work."— Art JounuU. 

Goldsmiths' Work. 

The GOLDSMITH'S Handbook. By George E. Gee, Jeweller, 
&c. Third Edition, considerably Enlarged. i2mo, y. 6d. cloth boards. 
"A good, sound educator, and will be generally accepted as an authority.*' — Horologicaiyoumal. 

Siluersmiths' Work, 

THE SILVERSMITH'S HANDBOOK. By George E. Gee, Jeweller, 
Sec. Second Edition, Revised, with numerous lUusts. i2mo, 35. 6d. cloth boards. 
'* The chief merit of the work is iu practical character. . . l*he workers in thr trade will speedily 
discover iu merits when they sit down to study xt.'^— English Mtchanic. 

*^ Thi above two works together^ strongly half-bound^ price yx. 

Bread and Biscuit Baking. 

The Bread and Biscuit Baker's and Sugar-Boiler's 

Assistant, including a large variety of Modern Recipes. With Remarks on 
the Art of Bread-making. By Robert Wells, Practical Baker. Second Edition, 
with Additional Recipes. Crown 8vo, 2s. cloth. 
*' A large number of wrinkles for the ordinary cook, as well as the baker."— So/tirioy Review. 

Confectionery for Hotels and Restaurants. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDE. For 
Hotels, Restaurants, and the Trade in general, adapted also for Family Use. 
By Robert Wblls, Author of " The Bread and Biscuit Baker's and Sugar Boiler's 
Assistant." Crown 8vo, 2s. cloth. 
" We cannot speak too hifchly of this really excellent work. In these days of keen competition 
onr readers cannot do better than purchase this \>o6k."— Baker's Times. 

Ornamental Confectionery. 

Ornamental Confectionery : A Guide for Bakers, Con- 
fectioners and Pastrycooks ; including a Variety of Modern Recipes, and Remarks 
on Decorative and Coloured Work. With 129 Original Designs. By Robert 
Wells, Practical Baker, Author of "The Bread and Biscuit Baker's and 
Sugar- Boiler's Assistant," &c. Crown 8vo, cloth gilt, 51, 
** A valuable work, practical, and should be in the hands ofevery baker and confectioner. The 
llustrative designs are alone worth treble the amount charged for the whole work." "Baker's Times, 

Flour Confectionery. 

THE Modern flour Confectioner, wholesale and RetaU. 

Containing a large Collection of Recipes for Cheap Cakes, Biscuits, &c. With 
Remarks on the Ingredients Used in their Manufacture. To which are added 
Recipes for Dainties for the Working Man's Table. By Robert Wells, Author 
of •' The Bread and Biscuit Baker," &c Crown 8vo, 2s. cloth. 
**'rhe work is of a decidedly practical character, and in every recipe regard is had to economical 
vroT]ung.""//ertk British Dedfy Mail. 

Laundry Work. 

Laundry management, a Handbook for Use in Private and 
Public Laundries. Including Descriptive Accounts of Modem Machinery and 
Appliances for Laundry Work. By the Editor of ** The Laundry Journal." With 
numerous Illustrations. Second Edition. Crown 8vo, 2s. 6d. doth. 
" This book should certainly occupy an honoured place on the shelves of alt bonsekaepars who 
wish to keep themselves au couratU of the newest appliances and methods."— -P/m Qh44M, 
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HANDYBOOKS FOR HANDICRAFTS. 

BY PAUL N. HASLUCK, 

Editor of "Work ' (New Series), Author of" Lathe Work." " Milling Machines," &c. 

Crown 8ro, 144 pages, cloth, price \s. each. 

tS' These Handybooks have been written to supply information for Workmen, 
Students, atut Amateurs in the several Handicrafts, on the actual Practice of the 
Workshop, and are intended to convey in plain language Technical Knowledge of 
the several Crafts. In describing the processes employed, and the manipulation of 
material, worhshop terms are used ; worhshop practice is fully explained ; and the text ir 
freely illustrated with drawingi cf modem tools, appliances, and processes. 



The Metal Turner's HANDYBOOK. a Practical Manual for 
Workers at the Foot- Lathe. With over 100 Illastrations. Price is. 
" The book will be of service alike to the amateur and the artisan tamer. It displays thorocgb 
knowledge of the subject.*'— 5co/sM4fi. 

The wood Turner's HANDYBOOK. a Practical Manual for 
Workers at the Lathe. With over 100 Illustrations. Price is. 
" We recomroend the book to younij^ turners and amateurs. A multitude of woricmen have hitherto 
sought in vain for a manual of this specul industry.** — Mechamical World, 

The Watch jobber's HANDYBOOK. a Practical Manual ott 
Cleaning, Repairing, and Adjusting. With upwards of 100 lUostrations. Price is, 
*' We strongly advise all young persons connected with the watch trade to acquire and study this 
inexpensive work."— C/«rAf nwW/ Chronicle, 

THE PATTERN MAKER'S HANDYBOOK. A Practical Manual on 
the Construction of Patterns for Founders. With upwards of 100 Illustrations, is^ 
" A most valuable, if not indispensable, manual for the pattern TXUikiBr."^Knowl44lge. 

The MECHANIC'S WORKSHOP HANDYBOOK. A Practical Manual 

on Mechanical Manipulation, embracine Information on various Handicraft 

Processes. With Useful Notes and Miscellaneous Memoranda. Comprising about 

200 Subjects. Price is, 

'* A very clever and useful book, which should be found in every workshop ; and it should cer> 

lainly find a place in all technical schools."— Sa/iir4ay Review. 

The model engineer's HANDYBOOK. a Practical Manual on 
the Construction of Model Steam Engines. With upwards of too Illustrations, is, 
" Mr. Hasluck has produced a very good little hook,"^Builder, 

THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual on 
Cleaning, Repairing, and Adjusting. With upwards of 100 Illustrations. Price is„ 
It is of nestimable service to those commencing the tnde."— Coventry Standard, 

THE Cabinet worker's HANDYBOOK. a Practical Manual 
on the Tools, Materials, Appliances, and Processes employed in Cabinet Work. 
With upwards of 100 Illustrations. Price is, 
"Mr. Hasluck's thorouKhgolng little Handybook is amongst the most practical guides we have 

seen for beginners in cabinet-work. "->Sa<iir<<^ Review. 

THE WOODWORKER'S HANDYBOOK OF MANUAL INSTRUCTION. 
Embracing Information on the Tools, Materials, Appliances and Processes Em- 
ployed in Woodworking. With 104 Illustrations. Price is. [Just published^ 

THE METALWORKER'S HANDYBOOK. With upwards of 100 Illus- 
trations. _ [In preparation^ 

Opinions of the Press. 

" Written by a man who knows, not only how work ought to be done, but how to do it,, 
and how to convey his knowledge to others." — Engineering. 

" Mr. Hasluck writes admirably, and gives complete instructions." — Engineer, 
** Mr. Hasluck combines the experience of a practical teacher with the manipulative 
skill and scientific knowledge of processes of the trained mechanician, and the manuals 
are marvels of what can be produced at a popular price." — Schoolmaster. 

*' Helpful to workmen of aU ages and degrees of experience." — Daily Chronicle, 
• Practical, sensible, and remarkably cheap."— 7(mma{ 0/ Education, 
" Concise, clear, and practical."— 5a/«r<fay Review, 
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COMMERCE, COUNTINO.HOnSB WORK, TABLES, etc. 
Commercial Education. ' 

Lessons in commerce. By Professor R. Gambaro, of the 
Koyal High Commercial School at Genoa. Edited and Revised by James Gault, 
Professor of Commerce and Commercial Law in King's College, London. Crown 
8vo, 3J. 6</. clolh. 
'* The publishers of this work have rendered considerable service to the cause of commercial educa- 
tion by the opportune prodiutioa of this volume. . . . The work'is peculiarly acceptable to English 
readers and an admirable addition to existing class books. In a phrsise, we think the work attains iu 
object in furnishing a brief account of thoM laws and customs of British trade with which the commer- 
cial man interested therein should be UvcAW^t:*— Chamber qf Commurce JourtuU, 

** An invaluable guide in the hands of those who are preparing for a commercial career^ and. in fact 
the information it contains on matters of business should be impieued on every one.*'— Cffumtim^ Houst, ' 

Foreign Commercial Correspondence. 

The foreign Commercial Correspondent: Being Aids 

to Commercial Correspondence in Five Languages— English, French, German, 
Italian, and Spanish. By Conrad E. Baker. Second Edition. Cr.Svo, ^s. (xi. cl. 
** Whoever wishes to correspond in all the languages mentioned by Mr. Baker cannot do better 

than study this work, the materials of which are excellent and conveniently arranged. They 

consist not of entire specimen letters, but— what are far more useiul — short passages, sentences, or 

phrases expressing the same seneral idea in various forms."— /f thenaum, 

" A careful examination his convinced us that it is unusually complete, well arranged and 

reliable. The book is a thoroughly good one."— 5c/k>o/mas/«r. 

Accounts for Manufacturers. 

Factory accounts : Their Principles and Practice. A Handbook 
for Accountants and Manufacturers, with Appendices on the Nomenclature of Machine 
Details ; the Income Tax Acts ; the Rating of Factories ; Fire and Boiler Insurance; 
the Factory and Workshop Acts, &c.. indudinf; also a Glossary of Terms and a large 
number ol Specimen Rulings. By Emile Garcke and J. M. Fells. Fourth 
Edition, Revised and Enlarged. Demy 8vo, 250 pages, dr. strongly bound. 
**A very interesting description of the requiremenu of Factory Accounts. . . . The principle of 

assimilating the Factory Accounts to the general commercial books is one which we thoroughly agree 

with.**'—AccffMmUHi4' yourmal. 

*' Characterised by extreme thoroughness. There are few owners of factone^ who would not 

derive great benefit from the perusal of ttiis most admirable work." — Local Govtmmtnt ChronicU* 

Intuitive Calculations. 

The Compendious Calculator ; or. Easy and Concise Methods 
of Performing the various Arithmetical Operations required in Commercial and 
Business Transactions, together with Useful Tables. By Daniel O'Gorman. 
Corrected and extended by Prof. J. R. Young. Twenty-seventh Edition. Revised by 
C NoRRis. Fcap. 8yo. 2s. 6d. cloth limp ; or. y, 6d. strongly half-bound in leather. 
"It would be difficult to exaggerate the u^fulness of a book like this to evervone engaged in com- 

nerce or manufacturing industry. It is crammed full of rules and formuUe for shortening and employing 

calculations."— /riM»/r</^/. 

Modem Metrical Units and Systems. 

Modern metrology : a Manual of the Metrical Units and 
Systems of the present Century. With an Appendix containing a proposed English 
System. By Lewis D*A. Jackson, A.-M. Inst. C.E., Author of "Aid to Survey 
Practice," &c Large crown 8vo, I2x. 6d. cloth. 
** We recommend the work to all interested in the practical reform of our weights and measures.*' 

The Metric System and the British Standards. 

A SERIES OF METRIC TABLES, in which the British Standard 

Measures and Weights are compared with those of the Metric System at present in 

Use on the ContinenL By C. H. Dowi.ing, C.E. 8vo. los, 6J. strongly bound. 

'* Mr. Dowling's Tables are well put together as a ready reckoner for the conversion of one system 

into the othtr.**— A tAenmttm, 

Iron and Metal Trades' Calculator. 

The iron and metal Trades' Companion : For expedi- 
tiously ascertaining the Value of any Goods bought or sold by Weight, from is, 
Ssrcwt to II 2J. percwt., and from one farthing per pound to one shilling per pound, 
y Thomas Downie. Strongly bound in leather, 396 pp., 9^. 

*' A most useful set of tables, nothing like them before existed."— Buildin/^ Htws. 
"Although specially adapted to the iron and meul trade*, the u 'Ich will be found useful in every 
ether business m which mcrchanJbie is bought and sold by mexgYit."— Railway News. 
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Chadwioh's Calculator for Numbers and Weights Combined. 
The Number, weight, and fractional Calculator. 

ContaiDing upwards of 250,000 Separate Calculations, showing at a glance the value 
at 422 different rates, ranging from yj^th of a Penny to 20J. each, or per cwt., and 
^20 per ton, of any number of articles consecutively, from I to 470. — Any number 
of cwts., qrs., and lbs., from i cwt. to 470 cwts. — Any number of tons, cwts., qrs., 
and lbs., from i to 1,000 tons. By William Chadwick, Public Accountant. 
Third Edition, Revised and Improved. 8vo, price iSs. strongly bound for Ofl5cc 
wear and tear. 

IS" /s adapted for the use of Accountants and Auditors^ Railway Companies^ Canal 
Companies, Shippers, Shipping Af^nts, General Carriers ^ 6r*c, /ronfounders, Brass- 
founders, Metal Merchants^ Iron Manufacturers, Ironmongers, Engineers, Machinists, 
Boiler Makers, Millwrights, Roofing, Bridge and Girder Makers, Colliery Proprietors, 6r*c, 
Timber Merchants, Builders, Contractors, Architects, Surveyors, Auctioneers, Valuers, 
Brokers, Mill Owners and Manufacturers, Mill Furnishers, Merchants, and GenercU 
Wholesale Tradesmen, Also for the Apportionment of Mileage Charges for Railway Trctffic, 
•,* Opinions of thr Press. 

" It is as ea«y of reference for any answer or any number of answers as a dictiooary, and the refer- 
ences are even more quickly made. For making up accounui or estimates the book must f>rove invalua- 
ble to all who have any considerable quantity ofcalculatioas involving price and measure in any combi- 
nation to do. " — En/rineer, 

"The most complete and practical ready reckoner which it has been our fortune yet to see. It is 
difficult to imagine a trade or occupation in which it could not be of the greatest use, either in saving 
human labour or in checking work. The publishers have placed within the reach of every commercial 
man an invaluable and unfailing assistant.^'— 7*A# Miller, 

** The most perfect work ofthe kind yet prepared. "•(PAsf/ynr Hermld, 

Harben's Comprefiensiue Weight Calculator. 

The Weight Calculator : Being a Series of Tables upon a 
New and Comprehensive Plan, exhibiting at one Reference the exact Value of any 
Weight from I lb. to 15 tons, at 300 Progressive Rates, from id, to i6&f. per cwt., 
and containing 186,000 Direct Answers, which, with their Combinations, consisting 
of a single addition (mostly to be performed at sight), will afford an aggregate of 
10,266,000 Answers ; the whole being calculated and designed to ensure correct- 
ness and promote despatch. By Henry Harben, Accountant. Fourth Edition, 
carefully corrected. Royal Svo, strongly half-bound,;^ i 5/. 
*' A practical and useful work of reference for men of buttness generally ; it is the best of the kind we 

have aeen.*'^/ncmm00$g'er. 

"Of priceless value to business men. It is a necessary book in all mercantile offices." — Sheffield 

Independent, 

Harben's Comprehensive Discount Guide. 

THE Discount Guide. Comprising several Series of Tables for 

the use of Merchants, Manufacturers, Ironmongers, and others, by which may be 

ascertained the exact Profit arising from any mode of using Discounts, either in the 

Purchase or Sale of Goods, and the method of either Altering a Rate of Discount, 

or Advancing a Price, so as to produce, by one operation, a sum that will realise any 

required profit after sdlowing one or more Discounts : to which are added Tables 01 

Profit or Advance from i^ to 90 per cent.. Tables of Discount from ij to 98J per 

cent., and Tables of Commission, &c., from J to 10 per cent. By Henry Harben, 

Accountant, Author of ** The Weight Calculator." New Edition, carefully Revised 

and Corrected. Demy Svo, 544 pp.,;^! 5 J. half-bound. 

'* A book such as this can only be appreciated by business men, to whom the saving of time means 

saving of money. We have the high authority of Professor J. R. Young that the tables throughout the 

work are constructed upon strictly accurate principles. The work is a model of tvpographtcal clearness, 

and must prove of great value to merchanu, manufacturers, and general traders."— ^rr^uA Trade 

y^umoL 

Iron Shipbuilders' and Merchants' Weight Tables. 

iron-Plate weight tables : For iron Shipbuilders, Engi- 
neers, and Iron Merchants. Containing the Calculated Weights of upwards of 
150,000 different sizes of Iron Plates from i foot by 6 in. by i in. to 10 feet by 5 
feet by i in. Worked out on the basis of 40 lbs. to the square foot of Iron of I 
inch in thickness. Carefully compiled, and thoroughly Revised by H. Burlinson 
and W. H. Simpson. Oblong 410, 25J. half-bound. 

* This work will be ibund of great utility. The auth<)rs hare had much practical ezperienoe ol ^ 
: is wanting in making esiimatei 
calcuUtioas."— JSw^mA MecMoMic. 



what is wanting in making esiimates, and the use of the bjok will save much time ia aaldag «labocmt« 
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AQRICULTURE, FARMING, OARDENINQ, eto. 

Dr. Fream'a New Edition of " The Standard Treatise on Agriculture." 
The Complete Grazier and farmer's and Cattle 

Breeder's Assistant : a Compendium of Husbandry. Originally Written by 
William Youatt. Thirteenth Edition, entirely Re-written, considerably En- 
larged, and brought up to the Present Requirements of Agricultural Practice, by 
William Fream, LL.D., Steven Lecturer in the University of Edinburgh, Author 
of "The Elements of Agriculture," &c. Royal 8vo, i.ioo pp., with over 450 
Illustrations. Price £1 iii. 6d, strongly and handsomely bound. 

Extract from Publishers' Advertisement. 

" A treatise that made its original appearance in the tirst decade of the century, and that enters 
upon its Thirteenth edition befoie the century has run its course, has undoubtedly established its 
position as a woric of permanent value. . . . The phenomenal progress of the fast dozen years 
m the Practice aad Science of Farming has rendered it necessary, however, that the volume should 
be re-writteo, . . . and* for this undertaking the Publishers were fortunate enouEh to secure the 
services of Dr. Frbam, whose high attainments in all matters pertaining to agriculture have been 
so emphatically recognised by the highest professional and official authorities. In carrying out his 
editonal duties, Dr. Frbam has been favoured with valuable contributions by Prof. J. Wortlby 
Axb, Mr. E. Brown, Dr. Bernard Dybr, Mr. W. J. Mai.den, Mr. K. H. Rbw, Prof. Sheldon, Mr. 
J. Sinclair, Mr. Sanders Spencer, and others. 

" As regards the illustrations of the work, no pains have been spared to make them as repre- 
sentative and chau-acteristic as possible, so as to be practically useful to the Farmer and Grazier." 

Summary of Contents. 



Book I. On the Varieties, Breeding, Rear- 
ing, Fattening and Management op Cattle. 

Book IL On the Economy and Management 
OF THE Dairy. 

Book III. On the Breeding, Rearing, and 
Management of Horses. 

Book IV. On the Breeding, Rearing, and 
Fattening of Sheep. 

Book V. On the Breeding, Rearing, and 
Fattening of Swine. 

Book VI. On the Diseases of Live Stock. 



Book VII. On the Breeding, Rearing, and 
Management of Poultry. 

Book VIII. On Farm Offices and Imple- 
ments OF Husbandry. 

Book IX. On the Culture and Manage- 
ment OF Grass Lands. 

Book X. On the Cultivation and Applica- 
tion of Grasses, Pulse and Roots. 

Book XI. On MANURbs and their Appli- 
cation TO Grass Land and Crops. 

Book XII. Monthly Calendars of Farmwork. 



•»• Opinions of the Press on the New Edition. 

•* Dr. Fream is to be congratulated on the successful attempt he has made to give us a work 
which will at once become the standard classic ot the farm practice of the country. Vve believe that 
it will be found that it has no compeer among the many works at present in existence. . . . The 
illustrations are admirable, while the frontispiece, which represents the well-known bull. New Year's 
Gift, bred by the Queen, is a work of art."— r/ie Times. 

" The book must be recognised as occupying the proud position of the most exhaustive work of 
reference in the English language on the subject with which it de»\s"—Athtnaum. 

" The most comprehensive g^uide to modem Uxm practice that exists in the English language 
to-day. . . . The book is one that ought to be on every farm and in the library of avety land 
owner."— Jf <if A Lane Express. 

" In point of exhaustiveness and accuracy the work will certainly hold a pre-eminent and unique 
position among books dealine with scientitic agricultural practice. It is, in tact, an agricultural 
library of itself." — North British Agriculturtst. 

" A compendium ef authoritative and well-ordered knowledge on every conceivable branch of 
the work of the live stock farmer; probably without an equal in tnis or any otnei country."— VorA- 
sHire Post. 

"The best and biightest guide to the practice of husbandry : one that has no superior— no equal 
we might truly say— among the agricultural liti^rature now before the public. ... In every section 
in which we have tested it, ttie work has been found thoroughly up to date."— BW/'5 Weekly Mes- 
senger. . * 

British Farm Live Stocli. 

Farm Live Stock of Great Britain. By Robert Wallace, 

F.L.S., F.R.S.E., &c., Professor of Agriculture and Rural Economy in the 
University of Edinburgh. Third Edition, thoroughly Revised and considerably 
Enlarged. With over 120 Phototypes of Prize Stock. Demy 8vo, 384 pp., with 
79 Plates and Maps. Price 12s, 6</., cloth. 

"A really complete work on the historv, breeds, and management of the farm stock of Great 
Britain, and one which is likely to hnd its way to the suelves of evdry country gentleman's 
library."— r/K Times. 

"The latest edition of ' Farm Live Stock of Great Britain ' is a production to be proud of, and 
its issue not the least of tbe services which its author has rendered to agricultural science."— 
Scottish Farmer. 

*' The book is %ery attractive, . . . and we can scarcely imagine the existence of a farmer who 
would not like to have a copy of this b^uitiful and useful work "—if ar^ Lane Express. « 

'* A work which will long be regarded as a standard authority whenever a concise history and, 
deacriptioA of the breeds of live stock in the Biitish ls.es is lequired. "— BW/'i Weekly Mtssmg^r, 
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Dairy Farming. 

BRITISH Dairying : A Handy Volume on the Work of the Dairy- 
Farm. For the Use of Technical Instruction Classes, Students in Agricultural 
Colleges and the Working Dairy-Farmer. By Prof. J. P. Sheldon, late Special 
Commissioner of the Caiuidian Government, Author of "Dairy Farming," ''The 
Farm and the Dairy," &c. With numerous Illustrations. Crown 8vo, 2s, 6d, cloth. 

"May be confidently recommended as a nieful text-book oa dairy Ujvamg.** —AgricvUHral 
GdxttU. 

"Probably the best half-crown manual on dairy work that has yet been produced."— NorfA 
British Agriculturist. 

" It is the soundest little work we have yet seen on the subject."— FA/ Times. 

Dairy Manual. 

MILK, CHEESE AND BUTTER : A Practical Handbook on 
their Properties and the Processes of their Production. Including a Chapter on 
Cream and the Methods of its Separation from Milk. By John Oliver, late 
Principal of the Western Dairy Institute. Berkeley. With Coloured Plates and 
200 Illustrations. Crown 8vo, yj. 6d, cloth. \Jusi published. 

Agricultural Facta and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES FOR 
Farmers and Farm Students. By Primrose McConnell, B.Sc. Fifth 
Edition. Royal 32mo, roan, gilt edges, with band, 41. 
" Literally teems with information aud we can cordially recommend it to all connested with 
agriculture."— Nor/A British Agncultmisi. 

Small Farming. 

SYSTEMATIC SMALL FARMING ; or, The Lessons of my Farm. 
Being an Introduction to Modem Farm Practice for Small Farmers. By Robert 
Scott Burn, Author of •* Outlines of Modern Farming," &c. With numerous 
Illustrations, crown 8vo, 6s. cloth. 
"This is the completest book of iu cla«s we have seen, and one which every amateur farmer will 
read with pleasure, and accept as a guide."— /iV^/. 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. Soils, 
Manures, and Crops — Farming and Farming Economy — Cattle, Sheep, and Horses — 
Management of Dairy, Pigs, and Poultry — Utilization of Town-Sewage, Irrifation, 
&c. Sixth Edition. In one vol., 1,250 pp., half.bound, profusely Illustrated, 12s. 
** The aim of the author has been to make his work at once comprehensive and trustworthy, and in 
this aim he has succeeded to a degree which entitles him to much aedtt.**— Sf arming Advtrtiur, 

Agricultural Engineering. 

FARM Engineering, the Complete text-book of. Com- 
prising Draining and Embanking ; Irrigation and Water Supply ; Farm Roads, 
Fences ana Gates ; Farm Buildings ; Bam Implements and Machines ; Field Imple- 
ments and Machines ; Agricultural Surveying, &c. By Professor John Scott. In 
one vol., 1. 150 pages, half- bound, with over 600 Illustrations, its, 
"Written with great care, as well as with knowledge and ability. The author has d<me his work 

well : we have found him a ▼ery truMworthir guide wherev<r w<t have tested his sc^Uements. The volume 

will be of great value to agricultural studenu.**— il/«r4r Latu Expnss, 

Agricultural Text-Book. 

The Fields of Great Britain: a Text-Book of Agriculture. 

Adapted to the Syllabus of the Science and Art Department. For Elementary and 
Advanced Students. By Hugh Clements (Board of Trade). Second Edition, 
Revised, with Additions. i8mo, 2s. 6d. cloth. 

'* A most comprehensive volume, giving a mass of inrormatioa.**— ^/fTcw/Zsmi/ Eeen&misi. 

" It is a long litee since we have »ecn a book which has pica*ed us more, or which contains sudi a 
vast and useful fund of knowledj^s."— AVaMra//<7Ma/ Timts. 

Tables for Farmers, Ac. 

TABLES, memoranda, AND CALCULATED RESULTS for Farmers, 
Graziers, Agricultural Students, Surve>ors, Land Agents, Auctioneers, &c. With a 
New Sjrstem of Farm Book-keeping. Selected and Arranged by Sidney Francis. 
Third Edition, Revised. 272 pp. , waistcoat-pocket size, limo leather, is. 6d, 
** Weighing lest than t os., and occupying; no more soace than a match box, it contains a mass of 
fscta and calculations which has never before, in such handy form, b^en obtainable. Every opera- 
tion on the farm is dealt with. The work may be taken as thoroughly accurate, the whole of the 
tables having l>een revised by Dr. Fream. We cordially recommend ii.'*—BtlPs Weekly Messenger, 
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The Management of Bees. 

BEES FOR PLEASURE AND PROFIT : A Guide to the Manipula- 
tion of Bees, the Production of Honey, and the General Management of the Apiary. 
Bv G. Gordon Samson. With numerous Illustrations. Crown 8vo, ix. cloth. 
*'Tm intending bM-ke«per will find exactly the kind of information required to enaVte him to make 

a successful start with his hives. The author u a thoroughly competent teacher, and his book may be 

commended."— Af#fmN|f P^t* 

Farm and Estate Bookkeeping. 

BOOK-KEEPING FOR FARMERS AND ESTATE OWNERS. A 
Practical Treatise, presenting, in Three Plans, a System adapted for all Classes of 
Farms. By Johnson M. Woodman, Chartered Accountant Second Edition, 
Revised. Crown 8vo, 31. 6d, cloth boards ; or, 2s, 6d, cloth limp. 

" The volume is a capital study of a most important subject."— /lfrK-»//»ra/ GoMttU. 

*' The young farmer, land agent, and surveyor will hnd Mr. Woodman's treatise more than repay 
iu cost and tVadj^'—BmUdm^ Nems. 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOK. Giving a Weekly 
Labour Account and Diary, and showing the Income and Expenditure under each 
Department of Crops, Live Stock, Dairy, &c. &c. With Valuation, Profit and 
Loss Account, and Bidance Sheet at the end of the Year. By Johnson M. Wood. 
MAN, Chartered Accountant, Author of ''Bookkeeping for Farmers." Folio, 
^s. td. half-bound. 
** Contains every requisite form for keeping farm accounts readily and accurately." — Agrieulturt. 

Early Fruits, Fiowers and Vegetabies. 

The forcing-Garden ; or, How to Grow Early Fruits, Flowers, 
and V^etables. With Plans and Elstimates for Building Glasshouses, Pits and 
Frames. With Illustrations. By Samuel Wood. Crown 8vo, 3/. 6d. cloth. 
" A good book, and fairly fills a place that was in some degree vacant. The book is written with 

great care, and contains a great deal of valuable teaching." — GardtM^rt' Magasiiu. 

Qood Gardening. 

A Plain Guide to Good Gardening,- or, How to Grow 

Vegetables, Fruits, and Flowers. By S. Wood. Fourth Edition, with considerable 
Additions, &c, and numerous Illustrations. Crown 8vo, 3x. 6d, cloth. 
" A very good book, and one to be highly recommended as a practical guide. The practical direc- 
tions are excellent." — Athttutum, 

" May be recommended to young gardeners, cottagers, and specially to amateurs, for the plain, simple, 
and trustworthy information it gives on common matters too often neglected." — GartUturs* ChrvnicU. 

Gainful Gardening. 

MULTUM-IN-PARVO GARDENING; or, How to make One Acre ot 
Land produce ;f 620 a-year, by the Cultivation of Fruits and Vegetables ; also, 
How to Grow Flowers in Three Glass Houses, so as to realise ;£'i76 per annum 
clear Profit. By Samuel Wood, Author of "Good Gardening,'' &c. Fifth and 
Cheaper Edition, revised, with Additions. Crown 8vo, is. sewed. 
*' We are bound to recommend it as not only suited to the case of the amateur and gentleman's gar- 
dener, but to the market Keomtx^'—GnrtUrurs* MagastHt, 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, AND 
Amateurs' Complete Guide. With Illusts. By S. Wood. Cr. 8vo, y. 6d. cloth. 

*' This volume contains a good deal of sound, common-sense instruction."— ^/vtm/. 

*' Full of shrewd hints and useful instructioas, based on a lifetime of experience."— vS'r^'/fimMs. 

Receipts for Gardeners. 

Garden Receipts. Edited by Charles W. Quin. i2mo, IS. 6d. 
cloth limp. 
*' A useful and handy book, containing a good deal of valuable information."— yf/^«<r»M. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Contributors to "The 
Garden." Compiled by C. W. Shaw, late Editor of "Gardening Illustrated." 
i2mo, 3x. 6d. cloth boards. 
'* The most valuable compendium of kitchen and market-garden work published."— Farmer. 

Cottage Gardening. 

Cottage Gardening ; or, Flowers, Fruits, and Vegetables for 
Small Gardens. By £. Hobday. i2mo, is. 6^. cloth limp. 
Contains much use^il information at a small c!taurg9."—Glmtg0W HtttUd. 
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AUCTIONEERING, VALUING, LAND SURVEYING, 
ESTATE AGENCY, etc. 

Auctioneer's Assistant ~ 

The appraiser, auctioneer, broker, Houae and estate 

Agent and Valuer's Pocket Assistant, for the Valuation for Purchase, Sale, 
or Renewal of Leases, Annuities and Reversions, and of property generally ; with 
Prices for Inventories, &c By John Wheeler, Valuer, &c. Sixth Edition, 
Re-written and greatly Extended by C. NoRRis, Surveyor, Valuer, &c. Royal 
32mo, $s: cloth. 
** A neat and concise book of reference, containing an admirable and clearly-arranged list of prices 

for inventories, and a very practical guide to determine the value of furniture, &c." — Standard. 

* C >ntains a large quantity of varied and useful information as to the valuation for purchase, sale, or 

renewal of leases annuities and reversions, and of propertv generallv, with prices for inventories, and a 

guide to determine the value of interior fittings and other effects." — BuUtUr, 

Auctioneering, 

Auctioneers : their Duties and Liabilities, a Manual of 

Instruction and Counsel for the Young Auctioneer. By Robert Squibbs, Auc- 
tioneer. Second Edition, Revised and partly Re- writ ten. Demy 8vo, I2s. 6d, cloth. 

*.* Opinions of the Press. 
"Tbe standard text-book on the topics of which it treats." — Athen/tum. 

" The work is one of general excellent character, and gives mucti information in a compendious 
and sat'sfactory ioTm."—Butldtr. 

" May be recommended as Kiving a great deal of information on the law relating to auctioneers, 
in a vtry readable form."— Law Journal. 

" Auctioneers may be congratulated on having so pleasing a writer to minister to their special 
need*.*'— Solicitors* Journal.^ 

** Every auctioneer ought to possess a copy of this excellent work." — Ironmonger. 
** Of great value to the profession. . . . We readily welcome this book from the fact that it treats 
the subject in a manner somewhat new to the profession." — Estates GoMttte, 

Inwood's Estate Tables. 

Tables for the purchasing of Estates, Freehold, 

Copyhold, or Leasehold ; Annuities, Advowsons, &c., and for the Renewing 
of Leases held under Cathedral Churches, Colleges, or other Corporate bodies, for 
Terms of Years certain, and for Lives ; also for Valuing Reversionary Estates, De- 
ferred Annuities, Next Presentations, &c. ; together with Smart's Five Tables of 
Compound Interest, and an Extension of the same to Lower and Intermediate 
Rates. By W. In wood. 24th Edition, with considerable Additions, and new and 
valuable Tables of Logarithms for the more Difficult Computations of the Interest 
of Money, Discount, Annuities, &c., by M. FiDOR Thoman, of the Societe Credit 
Mobilier of Paris. Crown 8vo, 8j. cloth. 
"Those interested in the purchase and sale of esutes, and in the adjustment o( compensation cases* 

as well as in transactions in annuities, life insurance*, &c, will find the present edition of eminent 

wtTTiC^.^'—Enrinterinir. 

** * Inwood's Tables ' still maintain a most enviable reputation. The new issue has been enriched by 

larfre additional contributions by M. F^dor Thomau, whose carefully-arranged Tables cannot fail to be 

of the utmost utility."— J//»/«^ youmal. 

Agricultural Valuer's Assistant 

THE agricultural VALUER'S ASSISTANT. A Practical 
Handbook on the Valuation of Landed Estates ; including Rules and Data lor 
Measuring and Estimating the Contents, Weights and Values of Agricultural 
Produce and Timber, and the Values of Feeding Stuffs, Manures, and Labour ; 
with Forms of Tenant-Right Valuations, Lists of Local Agricultural Customs, 
Scales of Compensation under the Agricultural Holdings Act, &c. &c. By ToM 
Bright, Agricultural Surveyor. Second Edition, much Enlarged. Crown 8vo, 
5 J. cloth. 
** Full of tables and examples in connection with the raluation of tenant-right, estates, labour, con- 
tents and weights of timber, and farm produce of all kinds." — Agricultural GoMettt. 

** An eminently practical handbook, full of practical tables and data of uadoubted interest and value 
to surveyors and auctioneers in preparing valuations of all kinds." — Farmer, 

Plantations and Underwoods. 

POLE Plantations and underwoods: a Practical Hand- 
book on Estimating the Cost of Forming, Renovating, Improving, and Grubbing 
Plantations and Underwoods, their Valuation for Purposes of Transfer, Rental, 
Sale or Assessment. By Tom Bright, Author of •* The Agricultural Valuer's 
Assistant," &c Crown 8vo, 3J. 6d. cloth. 
•• To valuers, foresters and agents it will be a welcome aid."— ^ortA British Agriculturist, 
" Well calculated to assist the valuer in the discharge of his duties, and of undoubted interest 

acd use both to surveyors and auctioneers in preparing valuations of all kinds."— /Cr»i/ Herald. 
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Hudson's Land Valuer's Pocket-Booh, 

The Land Valuer's best assistant: Being Tables on a 
very much improved Plan, for Calculating the Value of Estates. With Tables for 
reducing Scotch, Irish, and Provincial Customary Acres to Statute Measure, &c. 
By R. Hudson, C.E. New Edition. Royal 32mo, leather, elastic band, 4J. 
" Of iacalcolable value to the country gentleman and professional man.**— ^armr/rr' Journal. 

Ewart's Land Improver's Pocket-Book. 

The Land Improver's Pocket-book of formul>e, tables, 

AND Memoranda required in any Computation relating to the Permanent 
Improvement of Landed Property. By John Ewart, Land Surveyor and 
A^cultural Engineer. Second Edition, Revised. Royal 32mo, oblong, leather, 
gilt edges, with elastic band, 4s. 
" A compendious and handy little volume." — S^tctator. 

Complete Agricultural Surveyor's Pocket-Book, 

THE Land Valuer's and Land Improver's Complete 

Pocket- Book. Being the above Two Works bound together. Leather, with 
strap, ^s. 6d, 

House Property. 

Handbook of house Property : A Popular and Practical 
Guide to the Purchase, Mortgage. Tenancy, and Compulsory Sale of Houses and 
Land, including the Law of Dilapidations and Fixtures : with Examples of all 
kinds of Valuations, Useful Information on Building and Suggestive Elucidations 
of Fine Art. By E. L. Tarbuck, Architect and Surveyor. Fifth Edition, 
Enlare^. i2mo, $s. cloth. 

•'The advice is thorotu;hly practical."— Zaw yourrtal. 

" For all who have dealings with house property, this is an indispensable guide.*'— D^coroffOfi. 

" Carefully brought up to date, and much improved by the addition of a division on Fine Art. 
• • . . A well-written and thoughtful work."— Lan^^^«nrs/if«cor<l. 



LAW AND MISCELLANEOUS. 
Private Bill Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND ENGINEERS 

Engaged in Promoting Private Acts of Parliament and Provisional Orders, for the 
authorization of Rail^vays, Tramways, Works for the Supply of Gas and Water, and 
other undertakings of a like character. By L. Livingston Macassey, of the 
Middle Temple, Barrister-at-Law, and Member of the Institution of Civil Engineers ; 
Author of ** Hints on Water Supply." Demy 8vo, 950 pp., 25J. cloth. 
" The author's douhl^.'experience as an engineer and barrister has enabled him to approach the 
subject alike from an engioeenag and legal point of view." — Local Government Ckrontxu, 

Law of Patents. 7 

Patents Ft)R Inventions, and how to Procure them 

Compiled for the-^se of Inventors, Patentee; and others. By G. G. M. Harding- 
ham, Assoc. Mem. Inst. C.E., &c. Demy 8vo, is. 6J. cloth. 

Labour Disputes. ^ ^ 

Conciliation and arbitration in Labour disputes : A 

Historical Sketch and Brief Statement of the Present Position of the Question at 
Home and Abroad. By J. S. Jeans, Auihor of "England's Supreniacy,**&c. 
Crown 8vo, 200 pp., 2s. 6d, cloth. \Just publishtd. 

Pocket-Book for Sanitary Officials. 

THE HEALTH OFFICER'S POCKET-BOOK : A Guide to Sani- 
tary Practice and Law. For Medical Officers of Health, Sanitary Inspectors, 
Members of Sanitary Authorities, &c. By Edward F. Willoughby, M.D. 
(Lond.), &c.. Author of ** Hygiene and Public Health." Fcap. 8vo, 7j. 6</., cloth, 
red edges, rounded comers. \Just published, 

'A mine of condensed informatioa of a pertinent and useful kind on the various subjects of 



which it treats. The matter seems to have been carefully compiled and arranged for facility of 
1 it is well illustrated by diagrams and woodcuts. The different subjects are succinctly 
but fully and scientifically dealt with."— TA* Lancet, 



reference, and i 



* Ought to be welcome to those for whose use it is designed, since it practically boils down a 
reference library into a pocket volume. ... It combines, witn an uncommon degree of efficiency, 
the qualities of accuracy, conciseness andcomprehensiveness."— 5cotsmai». 

*' An excellent publication, dealing with the scientific, technical and legal matters connected 
with the duties of medical officers of healtb and sanitary nspectors. The work is replete w*ta 
information."— Loco/ Govtrnment Journal, 



48 CROSBY LOCK WOOD «&• SON'S CATALOGUE. 

A Complete Epitome of the Laws of this Country. 

Every MAN'S Own Lawyer : A Handy-Book of the Principles 
of Law and Equity. By A Barrister. Thirty-first Edition, carefully Revised, 
and including the Legislation of 1893. Comprising (amongst other Acts) the 
Voluntary Conveyancts Act, 1893 ; the Married fVofftm's Property Act, 1853 5 
the TrusUe Act, 1893 ; the Savings Bank Act, 1893 ; iht Barbed Wire Act, 1893 ; 
the IndustricU and Provident Societies* Act, 1893 J ^^^ Hours of Labour of Railway 
Servants Act, 1893; the Fertiliser and Feeding Stuffs Act, 1893, etc., as well 
as the Betting and Loam (Infants) Act, 1892; the Gaming Act, 1892 ; the Shop 
Hours Act, 1892 ; the Conveyancing and Real Property Act, 1892 ; the Small Hold- 
ings Act, 1892 ; and many other new Acts. Crown 8vOy 700 pp., price 6x. 8</. (saved 
at every consultation ! ), strongly bound in cloth. \Just published, 

*^ • The Book will be found to comprise (amongst other matter) — 
The Rights and Wrongs of Individuals — Landlord and Tenant — 
Vendors and Purchasers — Partners and Agents — Companies and Associa- 
tions—Masters, Servants and Workmen— Leases and Mortgages — Libel 
and Slander — Contracts and Agreements— Bonds and Bills of Sale — 
Cheques, Bills and Notes— Railway and Shipping Law— Bankruptcy and 
Insurance— Borrowers, Lenders and Sureties— Criminal Law — Parlia- 
mentary Elections— County Councils— Municipal Corporations— Parish 
Law, Churchwardens, etc.— Public Health and Nuisances— Copyright and 
Patents — Trade Marks and Designs— Husband and Wife, Divorce, etc.— 
Trustees and Executors— Guardian and Ward, Infants, etc.— Game Laws 
and Sporting — Horses, Horse- dealing and Dogs— Innkeepers, Licensing, 
ETC. — Forms of Wills, Agreements, etc. etc. 

vs- The object of this work is to enable those who consult it to help themselves to 
the law ; and thereby to dispense, as far as possible, with professional assistance ana 
advice. There are many wrongs and grievances which persons submit to from time to 
time through not knowing how or where to apply for redress ; and many persons have; as 
great a drecul of a lawyer^ s office as of a lion's den. With this book cU hand it is believed 
thcU many a Six-and-Eightpence may be saved; many a wrong redressed ; many a 
right reclaimed ; many a law suit avoided ; and many an evil abaied. The work has 
established itself as the standard legal adviser of all classes, and has also made a reputa- 
tion foi^ itself as a useful book of reference for lawyers residing at a distance from law 
librctries, who are glad to have at hand a work embodying recent decisions and enactments. 

*,* Opinions of the Press. 

•• It is tcomoIete^cojJeofEnjHsHL^w written in |^n language, which all can understand. . . 
Should be in Uie luinds ot every buuaess man, and all who wish to abolish lawyers' bills." — Weekly Times* 

** A useful and concise epitom e of the law, compiled with considerable care.**— •Ztfw Mmgusitu. 

** Acomplete7iges^n[b?mo8t useful facts which constitute English law."— G/o6f . 

"This excellent handbook. . . . Admirably done, admirably arranged, and admirably cheap. **— 
Leeds Mercury, 

** A concise, cheap, and complete epitome of the English law. So plainlj written that he who runs 
may read, and he who reads may understand. *'— /"tfttro. ^—^i^^^ 

^' ^'^TTnSSonanMTleganac't* well put tr>eether. The book is a rery useful one." — Spectator, 

** A woric wbicn bas long been wanted, wmch is thoroujhl^i^l^done, and which we most cordially 
recommend."— sS'v«4£a/ Times, 

" The latest edition of this popular boo k ought to be in every bunness establishment, and on every 
library X9\A!t y Sheffield Post. 

"^^^I^omplete epitome of the law; thoroughly in*elligible to non-professional readers ."— Bg/ri 
Lift. 

Legal Quidefor Pawnbrokers. 

THE PAWNBROKERS', FACTORS' AND MERCHANTS' GUIDE TO 
THE LAW OF LOANS AND PLEDGES. With the Statutes and a Digest of Cases. By 
H. C. FOLKARD, Esq., Bamster-at-Law. Fcap. 8to, Jj. 6d, cloth. 

The Law of Contracts. 

Labour Contracts : A Popular Handbook on the Law of Con- 
tiacts for Works and Services. By David Gibbons. Fourth Edition, with Appendix 
of Statutes by T. F. Uttley, Solicitor. Fcap. 8vo, y, 6d. cloth. 

The Factory Acts. 

Summary of the Factory and workshop acts (1878-!89I). 

For the Use of Manufacturers and Managers. By Emilr Garcke and J. M. 
Fells. (Reprinted from ** Factory Accounts.") Crown 8vo, 6d. sewed. 
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Wu twtfded to the Publiihen of 
"WEALE'S SERIES." 





A NEW LIST OF 

WEALE'S SERIES 

OF 

RUDIMENTARY SGIENTIFIG WORKS. 

CV " WEALE'S SERIES includes Text-Books on almost every branch of Science 
and Industry, comprising such subjects as Agriculture, Architecture and Building, Civil 
Engineering, Fine Arts, Mechanics and Mechanical Engineering, Physical and Chemical 
Science, and many miscellaneous Treatises. The whole are constantly undergoing revi- 
sion, and new editions, brought up to the latest discoveries in scientific research, are 
constantly issued. The prices at which they are sold are as low as their excellence is 
assured."~^inm^aii Literary Gazette, 

" Amongst the literature of technical education, Wrale's Series has ever enjoyed 
a high reputation, and the additions being made by Messrs. Crosby Lockwood & Son 
render the series even more complete, and bring the information upon the several subjects 
down to the present time." — Mining Journal, 

" Any persons wishing to acquire knowledge cannot do better than look through 
Weale's Series and get all the books they require. The Series is indeed an inexhaus- 
tible mine of literary wealth.** — The Metropolitan. 

" Weale*s Serirs has become a standard as well as an unrivalUd collection of 
treatises in all branches of art and science." — Public Opinion, 

"The excellence of Weale's Series is now so well appreciated that it would be 
wasting our space to enlarge upon their general usefulness and value." — Builder, 

"It is not too much to say that no books have ever proved more popular with or 
more useful to young engineers and others than the excellent treatises comprised lu 
Weale's Series."— £«;f»W^r. 

*'The volumes of Weale's Series form one of the best collections of elementary 
technical books in any language." — Architect, 

*' A collection of technical manuals which is unrivalled." — Weekly Dispatch, 
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WEALE'S RUDIMENTARY SCIENTIFIC SERIES. 

%• The volumes of this Series are freely Illustrated with Wood- 
cuts, or otherwise, where requisite. Throughout the following List it must 
be understood that the books are bound in limp cloth, unless otherwise 
stated : but the volumes marked with a J may also be had strongly bound 
in cloth boards for 6d. extra, 

N.B. — In ordering from this List it is recommended, as a means of 
facilitating business and obviating error ^ to quote the numbers affixed to the 
volumes^ as well as the title f and prices. 



CIVIL ENGINEERING, etc. 
31. WELLS AND WELL-SLNKLNG, By John Geo. Swindell, 

A. R.I. B. A., and G. R. Burnell, C.E. Revised Edition. With a New 

Appendix on the Qualities of Water. Illustrated a/o 

" Solid practical information, written in a conctae and lucid style. The work can be recommended 
af a text-book for all surveyors, architecU, &c,"—Jron and Coal Trades Review. 

3S. THE BLASTING AND QUARRYING OF STONE, 
for Building and other Purposes. With Remarks on the Blowing up of 
Bridges. By Gen. Sir J. Burgoynb, K.C.B. 1/6 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES, 

describing the Britannia and Conway Tubular Bridges. With a Sketch of 
Iron' Bridges, &c. By G. Drysdale Dempsey, C.E. Fourth Edition . a/o 

^.FOUNDATIONS AND CONCRETE WORKS, With Prac- 
tical Remarks on Footings. Planking, Sand, Concrete, B^ton. Pile-driving, 
Caissons, and Cofferdams. By E. Dobson, M.R.I.B.A. Seventh Edition .1/6 

60. LAND AND ENGINEERING SURVEYING. For 
Students and Practical Use. By T. Baker, C.E. Fifteenth Edition, 
revised and corrected by J. R. Young, formerly Professor of Mathematics. 
Belfast College. Illustrated with Plates and Diagrams a/ot 

8o\ EMBANKING LANDS FROM THE SEA, With Examples 

and Particulars of actual Embankments. &c. By John Wiguins, F.G.S. . 2/0 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as influencing 
Supplies of Water ; and Details of Engines and Pumping Machinery for 
raising Water. By Samubl Hughes. F.G.S.. C.E. Enlarged Edition . . 4/ot 
** Evety one who is debating how his village, town, or city shall be plentifully supplied widi pure 
water khould read this book." — /Newcastle Courant. 

x,7. SUBTERRANEOUS SURVEYING. By Thomas Fen- 

WICK. Also the Method of Conductinsr Subterraneous Surveys without the use 

of the Magnetic Needle, and other modem Improvements. By T. Baker, C.E. 3/6$ 

„8. CIVIL ENGINEERING IN NORTH AMERICA, A 

Sketch of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. . 3/0 

167. A TREATISE ON THE APPLICATION OF IRON TO 

THE CONSTRUCTION OF BRIDGES, ROOFS, AND OTHER 
WORKS By Francis Campin, C.E. Fourth Edition .... a/6 J 
*' For numbers 01 young engineers the book is just the cheap, handy, first guide they want."— 
MiddUtbrough Wtthly News, " Reniarkablv accurate and well written." — Artixan, 

^:y,. ROADS AND STREETS {THE CONSTRUCTION 0F\ 
in Two Parts : I. The Art op Constructing Common Roads, by H. 
Law. C.E.. Revised by D. Kinnear Clark, C.E.; II. Recent Practice: 
Including Pavements of Stone, Wood, and Asphalte. By D. K. Clark, C.E. 4/6^ 
"A book which eveiy borough surveyor and engineer must possess, and which will be of considerable 
Mrtrke to architects, builders, and property owners generally." — Building News, 

^, SANITARY WORK JN THE SMALLER TOWNS 
AND IN VILLAGES. By Charles Slagg, Assoc. M. Inst. C.E. Second 

Edition, enlarged 3/0^ 

**This is a very useful book. There is a mreat deal of work required to be done in the smaller towns 
and village*, and this little volume will help those who are willing to do it.**— Builds. 

vsr Tht t indicates that thise vols, may he had strongly bound at 6d, extra. 
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Civil Engineering, etc., continued. 

aia. THE CONSTRUCTION OF GAS WORKS, and the Manu- 
facture and Disttibution of Coal Gas. By S. Hughes, C.E. Re-written by 
William Richards, C.E. Eighth Edition, with important Additions . 5/6t 
MViU be of infinite service alike to manufacturen. distributors, and consamtxtJ^—Fortman Engineer. 

213. PIONEER ENGINEERING: A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Countries. 
Bv Edward Dobson. A.I. C.E. With numerous Plates. Second Edition . 4/6t 
u ^ L- ^^^^ ^* familiar with the difficulties which have to be overcome in this class of work, and 

much of his advice will be valuable to young engineers proceeding to our QoVyuM&.**—Engineerins:, 

ai6. MATERIALS AND CONSTRUCTION: A Theoretical 

and Practical Treatise on the Strains, Designing, and Erection of Works of 
Construction. By Francis Campin, C.E. Second Editiop, carefully revised. Q/ot 
uv^j l>«'t«r exposition of the practical application of the principles of construction has yet been 
published to our knowledge in such a cheap comprehensive iovm."^Bmiding News,' 

219. CIVIL ENGINEERING. By Henry Law, M. Inst. C.E. 
Including a Treatise on Hydraulic Engineering by G. R. Burnell, 
M.I. C.E. Seventh Edition, revised, with Large Additions on Rbci£NT 
Practice by D. Kinnear Clark. M. Inst. C.E. 6s. 6d., cloth boards . 7/6 
" An admirable volume, which we warmly recommend to young engineers." — Builder. 

a6o. IRON BRIDGES OF MODERATE SPAN: Their Con- 
struction and Erection. By Hamilton Weldon Pendrbd, late Inspector of 
Ironwork to the Salford Corporation. With 40 Illustrations . . . .2/0 
" Students and engineers should obtain this book for constant and practical «ue."— Ctf/^ir#r|r Gttardtem 

268. THE DRAINAGE OF LANDS, TO WNS, AND BUILD- 

INGS. By G. D. Dbmpsby, C.E. Revised, with large Additions on Recent 
Practice in Drainage Engineering, by D. Kinnear Clark, M.I.C.E. Second 
Edition, corrected -. 4/6J 



MECHANICAL ENGINEERING, etc. 

33. CRANESy the Construction of, and other Machinery for Raising 

Heavy Bodies for the Erection of Buildings, &c. By Joseph Glynn, F.R.S. 1/6 

34. THE STEAM ENGINE. By Dr. Lardner. lUustrated . ,/6 

59. STEAM BOILERS: Their Construction and Management. 

By R.Armstrong. C.E. Illustrated 1/6 

" A mass of infonnatton suiuUe for beginners." — Design and Work. 

82. THE POWER OF WATER, as applied to drive Flour Mills, 
and to give motion to Turbines and other Hydrostatic Engines. By Joseph 
Glynn, F.R.S., &c. New Edition, Illustrated . . . . . .2/0 

98. PRACTICAL MECHANISM, and Machine Tools. By T. 

Baker, C. E. With Remarks on Tools and Machinery, by J. Nasmtth, C.E. 2/6 

139. THE STEAM ENGINE, a Treatise on the Mathematical 

Theory of, with Rules and Examples for Practical Men. By T. Baker, C.E. 1/6 
"Teems with scientific information in reference to the steam-engine.— Z^/m/w oftd Work. 

,64. MODERN WORKSHOP PRACTICE, as applied to Marine, 
Land, and Locomotive Engines. Floating Docks, Dredging Machines. Bridges, 
Ship-building, &c. By J. G. Winton. Fourth Edition, lUustrated . . J/6t 
*' Whether for the apprentice determined to master his profession, or for the artisan bent upon raising 

himself to a higher position, this clearly written and practical treatise will be a great \kit\\^**— Scotsman. 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Girders. By J. Armour, C.E. . a/6 . 
" A very useful and thoroughly practicsd little volume."— JV/wm^ Journal. 

166. POWER IN MOTION: Horse-power Motion, Toothed-AVheel 

Gearing. Long and Short Driving Bands, Angular Forces, &c. By James 

Armour. C.E. With 73 Diagrams. Third Edition a/ot 

" The value of the knowledge imputed cannot well be over-estimated.**— JV/tMr^u/iSr Weekly Ckron. 

tju THE WORKMAN* S MANUAL OF ENGINEERING 



DRAWING. By John Maxton, Instructor in Engineering Drawing. 
Royal Naval Coll^^e, Groeawich. Seventh Edition. 000 Plates and Diagrams 
'A copy of it should be kept for reference in every drawing ot&c^.^Eniinerrin£. 



The X indicaUs tkat tkese vols, may be kad strongly bound at 6d. extra. 
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Mechanical Engineering, etc., continued. 

X90. STEAM AND THE STEAM ENGINE, Stationaiy and Port- 
able, An Elementary Treatise on. Being an Extension of the Treatise on 
the Steam Engine of Mr. J. Sewbll. By D. K. Clask, CE. Third Edition 3/6X 
''Every essential psrt of the subject is treated of oonpeteatly, and in a popular style."--/riw. 

•CO. FUEL, ITS COMBUSTION AND ECONOMY. Con- 
sisting of an AtMidgment of " A Treatise on the Combostion of Coal and the 
Prevention of Smoke." By C. W. Williams, A.I.C.E. With extensive 
Additions by D. Kinnbar Clark, M. Inst. C.E. Third Edition, corrected 3/6^ 
" Students should buy the book and read it, as ona of th« most complete and satisfactory treatises 09 
the combustion and economy of fuel to be had.*' — Bniimttr, 

,oa. LOCOMOTIVE ENGINES, A Rudimentary Treatise on. 
By G. D. Dempsbt, C.E. With large Additions treating of the Modem 
Locomotive, by D. K. Clark, M. Inst. CE. With numerous Illustrations . 3/0X 
"A model of what an elementary technical book should be." — Acmdemy. 

21 X. THE BOILERMAKER'S ASSISTANT in Drawing, Tem- 
plating, and Calculating Boiler Work, &c. By J. Courtney. Practical Boiler- 
maker. Edited by D. K. Clark. C.E. Third Edition, revised . . 9/0 
*' With very great care we have ffooe through the ' Boilermaker's Assistant,* and have to say that it 
has our unqualified approval. Scarcely a point has been omittad."— />r#«Mii Engmttr. 

217. SEWING MACHINERY: Its Construction, History, &c 

With full Technical Directions for Adjusting, &c By J. W. Urquh art, C. E. 9/0 
" A full description of the principles and construction of the leading machines, and minute instruc- 
tions as to their management."— >S^c#ilnwa«. 

993 MECHANICAL ENGINEERING, Comprising Metallui^y. 

Moulding.Casting. Forging, Tools. Workshop Machinery. Mechanical Manipula- 
tion, Manufacture of the Steam Engine, &c. By Francis Campin, CE. . 9/6 ( 
** A sound and serviceable teJl^book, quite up to 6ate.**—BmiUiiig Ntws. 

236. DETAILS OF MA CHINER Y. Comprising Instructions for 
the Execution of various Works in Iron in the Fitting-Shop, Foundry, and 

Boiler-Yard. By Francis Campin, C.E 3/0J 

" A sound and practical handbook for all engaged in the engineering txwAt%,**^BmUiMg W^rld. 

,37. THE SMITHY AND FORGE, including the Farrier's Art 

and Coach Smithing. By W. j. E. Cranb. Second Edition, revised . . 2/6^ 
**The first modem English book on th« subject. Great pains have been bestowed by the auih<^ 
upon the book ; shoeing smiths will find it both useful and interesting.*' — BtdltUr. 

a,s. THE SHEETMETAL WORKER'S GUIDE: A Practical 
Handbook for Tinsmiths. Coppersmiths. Zincworkers, ^., with 46 Diagrams 
and Working Patterns. By W. J. E. Crank . Second Edition, revised. . 1/6 
** The author has acquitted himself with considerable tact ia choosing his examples, and with no- 
less ability in treating them.*'— /'/iwM^rr'. 

a5x STEAM AND MACHINERY MANAGEMENT: A Guide 
to the Arrangement and Economical Management of Madiinery. with Hints 
on Construcuon and Selection. By M. Powis Bale, M.InstM.E. .a/6; 

"Of high practical value.'*— O/Zf/^ Guardiam. 
** Gives the rcsuks of wide experience."— Z/^^'r Ktmtpaptr, 

,54. THE BOILERMAKER'S READY RECKONER, with 

Examples of Practical Geometry and Templating far the Use of Platers, Smith*, 
and Riveters. By John Courtney. Edited by D. K. Clark, M.I.C.E. 

Second Edition, revised, with Additions 4/0 

*,* Nos. 211 and 254 in On$ Vol. » half-bound, emtitUd "Thb Boilsrmaker's Ready- 

Rbckonbr and Assistant." By J. Courtney and D. K. Clark. Price 7$. 

" A most useful work. No woriunan or apprentice should be without it."— /rms Tmdt Cirtnlar, 

,55. LOCOMOTIVE ENGINE'DRIVING. A Practical Manual 
for Engineers in charge of Locomotive Engines. By MiCHAKL Reynolds, 

M.S.E. Eighth Edition, y, 6d. limp ; cloth boards 4/6 

" We can confidently recommend the book, not only to the practical driver, but to everyone who 
takes an interest in the performance of locomotive engines. — 7*<A# Engmrtr, 

2c6. STATIONARY ENGINE-DRIVING. A Practical Manual 
for Engineers in charge of Stationary Engines. By Michael Reynolds, 

M.S.E. Fourth Edition. 31. 6</. limp ; doth boards 4/6 

** The author b thoroughly acquainted with his subieots, and has produced a manual which is an 
exceedingly useful one for the class for whom it b specially intended.*' — EnginteriM^, 

tST The X indicates thai these vols* may be had siron£ly bound at 6d. esetrm. 



IVEALE'S RUDIMENTARY SERIES, 5-^ 

MINING, METALLURGY, etc. 
4. MINERALOGY, Rudiments of. By A. Ramsay, F.G.S. 

Third Edition, revised and enlarged. Woodcuts and Plates . . . . 3 6t 
" The author thnmghout has displared an indmate knowledge of his subject, and great fiadlity in 
iqiparting that knowledge to others. The book is of great utility/'— il/fWit^ jourtial 

117. SUBTERRANEOUS SURVEYING, with and without the 

Magnetic Needle. By T. F£NWiCK and T.Baker, C.E. Illustrated . . 2/6X 

,33. METALLURGY OF COPPER: An Introduction to the 

Methods of Seeking, Mining, and Assaying Copper. By R. H. Lambork. 9/6X 

,35. ELECTROMETALLURGY, Practically Treated. By Alex- 
ander Watt. Ninth Edition, enlarged and revised. With Additional 
Illustrations, and including the most Recent Processes \Jvst fubtuhtd, 3/6) 

" From this book both amateur and artisan may learn everything necessary.** — Iron, 

xya. MINING TOOLS, Manual of. By William Morgans, 

Lecturer on Practical Mining at the Bristol School of Mines . . . .2/6 
xj^;MINING TOOLS, ATLAS of Engravings to Illustrate the 

above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to. • 4/6 
" Students, Overmen, Captains, Managers, and Viewers may gain practical knowledge and useful 
hints by the study of Mr. Morgans' Manual."— C^/ZrVy^f GuardiaH, 

176. METALLURGY OF IRON. Containing History of Iron 

Manufacture, Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel. &c. By H. Bauerman, F.G.S.. A.R.S.M. With 
numerous Illustrations. Sixth Edition, levised and enlarged .... 5/ot 
*' Carefully written, it has the merit of brevity and conciseness, as to less important points ; while all 
faaterial matters are very fully and thoroughly entered into." — Standard, 

,80- COAL AND COAL MINING, A Rudimentary Treatise on. 
By the late Sir Warington W.Smyth, M. A., F.R.S., Ac.. Chief Inspector 
of the Mines of the Crown. Seventh Edition, revised and enlarged • S'^t 

" Every portion of the volume ai>pears to have been prepared with much care, and as an outline is 
Kiven of every known coal-field in this and other countries, as well as of the two principal methods of 
working, the book will doubtless interest a very larxe number of readers."— ^/mia^ Joumal, 

X9S. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, Comprising a Treatise on Improved Mining Surveying 
and the Valuation of Mining Properties, with New Traverse Tables. Br W. 
LiNTERN, Mining and Civil Engineer. Third Edition, vrith an Appen<ux on 
Magnetic and Angular Surveying, with Records of the Peculiarities of Needle 

DisturtMinoes. With Four PUtes of Diagrams, PUns. Ac 3/6t 

" Contains much valuable information, and is thoroughly trustworthy *' — tnm ^ Coal Trado* Roviow, 

ax4. SLATE AND SLATE QUARRYING, Scientific, Practif:al, 
and Commercial. By D. C. Davib-s. F.G.S. , Mining Engineer, Ac. With 
numerous Illustrations and Folding Plates. Third Edition .... 3/0} 
" One of the beU and best-balanced treatises on a special subject that we have met with.*'— 

Enfinoor, 

,^ A FIRST BOOK OF MINING AND QUARRYING, with 

the Sciences connected therewith, for Primary Schools and Self Instruction. By 
1. H. Collins. F.G.S.. Lecturer to the Miners' Association of Cornwall and 

Devon. Second Edition, with additions . .1/6 

** For those concerned in schools in the mining districts, this work is the very thing that should be ia 
dke hands of their schoolmasters.*'— /n^it. 

ARCHITECTURE, BUILDING, etc. 
xt. ARCHITECTURE— ORDERS— 'TYit Orders and their 

.esthetic Principles. By W. H. Leeds. lUustrated i/S 

t7, ARCHITECTURE— STYLES— TYit History and Descrip- 

tion of the Styles of Architecture of Various Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I. B.A., Ac. lUustrated • . s/o 
%* Orders and Styles op Architecture, in Out VoL, y, 6d, 
18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. By Edw. Lacy Garbctt, Architect. Illustrated 2/6 
*' We know no work that we would so'^ner recoounend to an attendve reader desirous 10 obtain dear 
views of the nature of architectural art. The book is a valuable oae.*'—'BtuUor, 
*^* The three preceding Works in One handsome Vol,, half bound, entitled *' MODBRM 

Architecture," ^V/ 6s, 

t^ The I indicates that these vols, maj be had strongly bomnd at 6d, extra. 
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Architecture, Building, etc., continued. 

B3. THE ART OF BUILDING, Rudiments of. General Prin- 
ciples of Cons I rsjct ion, Stri^ngth and L'sc^ of MaieriaEs, Working Dravfings* 
Specihcatigns, L^c. By El»warlj Dohson. \f.RJ B.A., &c. , . . * a/of 
** A goad book far praqticdl knnwled^gc^ and About the best lo be obuincdx^* — Building KnuU* 

^-^^ MASONRY AND STONECUTTING : The Principles of 

Masonic Projeclion and their applicalion to Cons I rue I ion. By E» DoBSDN^, 
M.K.I. B. A , . a/6j 

42. COTTAGE BUiLDING. By C, Bruce Allen. Eleventh 

Ed,. with Chapter on Ktonoiunj UoUages for Albtmcnls, by E. E, Allen, CE- a/o 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MAS- 

TICS , PL A S Tf.Ki\G,b'c, B y G . R . B ir h n r: LL, C . E . TUirteenih VA it ion i /6 

57. WARMING AND VENTILATION of Domestic and Pviblic 

Buildings, Mines, l-igl][liou^5, Ships, &c. By Charles IoMlIN^sONh F.RS. 3/0 

III. ARCHES, PIERS, BUTTRESSES, 6-f. : Experimental 

EiSBys on the I'rinciples of Constmclion itj. By William Bland , . r/6 

n6. THE ACOUSTICS OF PUBLIC BUILDINGS: or, 

1 he rvincipksof the Science of ^ourtd applied to the purposes of the Architect 
and B.jjldsr. By 1. KoGLk bMi th, M.RJ,B.A., ArdiHtJCt, Illustrated ,J/6 

137. ARCHITECTURAL MODELLING LN PAPER, The Ait 

o(. By T. A. KiCJiAKD!?aN. With Illustrations, engr^vftd by O, J ewitt . 1/6 
'^ A vfttuptblc jiid to the practice «r irtlvitecuirjil madelliog." — Bmiiitr's Wttktv f^tp^fHtr. 

133, VITRUVIUS^THE ARCHITECTURE OE MARCUS 

rtTA'UViUS POLLO. Tn i^n Hwjks, Tmnslaied from the Latin by 
JOijEPH GwiLT, F.S.A., F.R,A.S, With 23 PSsiles ..... 5/0 

A\fl, — Tkis it ihi aitiy Rditiiin jj/^ VjTKUViius ^rttiUrabU al a medtratf frif€. 

,30, GRECIAN ARCHITECTURE, An Inquiry into the Prin- 
ciples of Heaiiiy in ; with an Historical V'i^w of the Kiv: and Progress of :he 
Art Jo Greece, By the Earl of AnEKt^fEN. * . , * , * 1/0 
*,* Tke two preetdittg ttW*f ta Our handstymt lo!., ka// A^uitJ^ ^nfi^Itd " AnciZtiT 

A R c M 1 1 K c T i; K f: , ■ piife 6s. 

133. BJVELLLNG-fLOUSES, The Erection of, Illustrated by a 

JVrspective View, BLms, Elevr.tion^, and S^ecHons of a Pair of VjUas, with 

the Spfcitication, Qnantnies, and Kstimates. Bv S. H. Bbook?^, Architect . a/SJ 

156. QUANTITIES AND MEASUREMENTS, in E^icklaye^s^ 

Masons", Plastert^rs', Plumbtfrs^ Painters^ Paperhanpers", Gilders^ Smiths', 
Carpenters' and Joiners' Work. By A, C Beaton. Surveyor . , • 1/6 
" Thi^i boQt( is jiKJivpcn-'iaMe; lo Wilder* ku^ their quantity derk*H"~/r«t^/tJfA Mt^hamc. 

t7s^ j^OCA'JFOOD'S BUILDER'S PRICE BOOK FOR 1S94. 

A Comprehensive Handbook of the Lalcit I'rices and Ualii for Bujldt-rs, 
ATchitncts. Enpjineers, and tJontr^ctors. Re-conslructedr Re-wrilleti, and 
grealty Knhrged. HyFKANClsT, W, MiLLEB, A,R.rB.A. 700 pages. - 40 

1 82 CARPENIRV AND fOLNER V-^T he Elementary Prin- 

ctPLKs OK C'AKrENikY. t_ hietlv composed from the Standard Work of 
THOStA^ TREi?ruiLr>, C.E. With Additions, and a TRKATISE ON 
JOINKRY by E, W. Takn. M.A. Fifth fditton. Revised and Eiitended , 3,6! 

iBa», CARPENTRY AND JOINER J'. ATLAS of 35 Plates to 

accornpiiny and iUnst rate the foregoing book. With Descriptive L^tterpre^*. 410 6/0 
"These two vohirre-^ Totm :t cnT.ijtlcie trexi^iirv of carpentry and joinei^y, and shodild be in the: KumdA 
of cvejy carfiicntcr and jomrr in the empire,'' — Itvn. 

tBs, THE COMPLETE MEASURER; setting forth the Measure- 
ment of Boards, Glass, Timber and Sione. By R. HoBTON* Fifth Edition . 4'^© 
•,• TAi tiB^n'r, itr^nxly hound in Unthtr, prke 51, 

187. HINTS TO YOUNG ARCHITECTS. By Geokge Wight- 

wtrK, Architect^ Author of "The Palace of Architecmre." ^c, ^c* Fifth 
Ldition. revised and enlarged by G. HusKi.5*^aN GunXAUMf:, ArchitecL 3^6|^ 
"A copy on ah I lu be roji^idertfd a<^ ntccH'wiry 4 f ij;rchiis« as i (jut tif i:fiitrumFnt&. '^ — Arckilfci, 

^s** 7 Af I iftdiiy*ifi thti thf^t n^h, mQy h had itr&ngty bound at Sd. iirfnt. 
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Architecture, Building, etc., continued, 
188 HOUSE PAINTING, GRAINING, MARBLING, AND 

SIGN WRITING: With a Course of Elementary Drawing, and a Collection 
of Useful Receipts. By Ellis A. Davidson. Sixth Edition. Colouied Plates 5/0 
•,* The above in cloth boards^ strongly bound, 6s. 
*' A mass of information of use to the amateur and of value to the practical man."— English Mechanic, 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

General Principles of Bricklaying ; Arch Drawing, Cutting, and Setting ; 
Pointing; Paving, Tiling. &c. By Adam Hammond. With 68 Woodcuts . i,^ 
" The young bricklayer will find it infinitely valuable to \kvai.^^— Glasgow Herala. 

X91. PLUMBING : A Text-Book to the Practice of the Art or 

Craft of the Plumber. With Chapters upon House Drainage and Ventilation. 
By Wm. Paton Buchan. R.P.,Sanitary Engineer. Sixth Edition, revised and 

enlarged, with 380 Illustrations 3/6t 

A text-book which may be safely put into the hands of every young plumber, and which will also 
be found useful by architects and medical professors." — Builder. 

102. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

AND BUILDER'S STANDARD GUIDE. By R. E. Grandy . .2/0 
" Everythinjp it pretends to be : biiikup gradually, it leads one from a forest to a treenail, and throws 
in, as a makeweight, a host of material concerning bricks, columns, cisterns, 8ic.*'— English Mechanic. 

ao6. A BOOK ON BUILDING, Civit and Ecclesiastical. By Sir 
Edmund Beckett. Bart., LL.D,, Q.C., F. R. A. S., Author of "Clocks and 

Watches and Bells." &c. Second Edition, enlarged 4/6^ 

"A book which is always amusing and nearly always instructive."— 7V/«/x. 

aa6. THE JOINTS MADE AND USED BY BUILDERS. 

By Wyvill J. Christy, Architect. With 160 Woodcuts 3/o{ 

"The wcMrk is deservmic of hiich commendation." — Builder. 

228. THE CONSTRUCTION OF ROOFS, OF WOOD AND 

IRON : Deduced chiefly from the Works of Robison, Tredgold, and Humber. 
By E. Wyndham Tarn, M.A., Architect Second Edition, revised ... 1/6 
" Mr. Tarn is so thoroughly master of his subject, that although the treatise is founded on the works 
of others, he has given it a distinct value of hisown. It will be found valuable by all students."*— ^«iA^r, 

229. ELEMENTARY DECORATION: As applied to Dwelling 

Houses, &c By James W. Facby. Illustrated a/o 

" The principles which ought to guide the decoration of dwellbg-houses are clearly set fotth, and 
elucidated by examples; while full instructions are given to the learner." — Scotsman. 

^^j, PRACTICAL HOUSE DECORATION A Guide to the 

Art of Ornamental Painting, the Arrangement of Colours in Apartments, and 
the Principles of Decorative Design. By James W. Facey . . .2/6 

•,• Nos. 220 and 257 in One handsome Vol., half-bound, entitled ** HOUSE DECORA- 
TION, Elementary and Practical," /r»V^sr. 

ago. A PRACTICAL TREATISE ON HANDRAILING ; 
Showing New and Simple Methods. By Geo. Collings. Second Edition. 
Revised, including a TREATISE ON STAIRBUILDING. With Plates . 2/6 
"Will be found of practical utility in the execution of this difficult branch of joinery.**— i?wV-e^r, 

347. BUILDING ESTATES: A Treatise on the Development, 
Sale, Purchase, and Management of Building Land. By F. Maitland. 

Second Edition, revised • ^1? 

" This book should undoubtedly be added to the library of every professional man dealing with 
building \aai6.**—Land Agenfs Record. 

a4S. PORTLAND CEMENT FOR USERS By Henry Faija, 

A.M. Inst. C.E. Third Edition, Corrected . 2/0 

*' Supplies in a small compass all that is necessary to be known by users of cement." — Building Mews, 

252. BRICKWORK : A Practical Treatise, embodying the General 

and Higher Principles of Bricklaying. Cutting and Setting ; with the Applica- 
tion of Geometry to Roof Tiling, Ac. By F. WaLker . . .1/6 
•* Contains all that a young tradesman or student needs to learn from hooVs."— Building NettfS. 

259. GAS FITTING : A Practical Handbook. By John Black. 

With 121 Illustrations a/^t 

" Contains all the requisite information for the successful fitting of houses with a gas service, &c. 
It is written in a simple practical style, and we heartily recommend it/* — Plumber and Decorator. 

aS3. THE TIMBER MERCHANT'S, SA W MILLER 'S, AND 
IMPORTER'S FREIGHT BOOK AND ASSISTANT. By William 
Richardson, with additions by M. Powis Bale, M.I.M.E., &c. . • 3'ot 

"A compendium of calculations which supplies a real waxft in the trade.'* — Building News. 



The X indicates that these vols, may be had strongly bound at 6d» extra. 
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Architecture, Building, etc., continued. 

[THE PRACTICAL BRICK AND TILE BOOK. Com- 
^isiog: Bricr and Tilb Making, by E. Dobson. A.I.C.E.; Practical 
Bricklaying, by A. Hammond ; Brickwork, by F. Walker. 550 pp. 

with 270 Illostrations. strongly half-bound 6/0 

258. CIRCULAR WORK IN CARPENTR Y AND fOINER Y. 
A Practical Treatise on Circular Work of Single and Double Cunratore. By 

^ George Colli ngs. Second Edition 9/6 

Cheap in price, clear in definition, and practical in the examples felected."— ^wii^irr. 

a6i. SHORING y and Its Application : A Handbook for the Use of 

Students. By George H. Blagrove. With 31 Hlustrations . . . x/6 
We reoooMMod this valuable treatise to all studenU."— ^jmYi/m^ Ntws. 

265. THE ART OF PRACTICAL BRICK CUTTING AND 

SETTING, By ADAM Hammond. With 90 Engravini^ . .1/6 

^7. THE SCIENCE OP BUILDING: An Elementary Trca- 
tiie on the Principles of Construction. By E. Wyndham Tarn, M.A. 
Lood. Third EdiUon, revised and enlarged 3/6X 

37,. VENTILATION: A Text Book to the Practice of the Art of 
Ventilating Buildings. By W. P. Buchan, R. P.. Author of ** Plumbing," 
Ac. With 170 Illustrations [Just pmbluJUd. 3/6$ 

^372. ROOF CARPENTRY; Practical Lessons in the Framing of 

Wood Roofs. For the Use of Working Carpenters. By Geo. Colungs. Author 
of " Handrailing and Stairbuilding," Ac [Just published, ^l- 

^3. THE PRACTICAL PLASTERER: A Compendium of PUin 

and Ornamental Plaster Work. By Wilfred Kemp [7«5< puhlishsd, 2/- 

SHIPBUILDINGT NAVIGATION, etc. 

-5,. NAVAL ARCHITECTURE: An Exposition of the Elemen- 
tary Principles. By James Peaks. H.M. Dockyard, Portsmouth . . 3/6X 

^.. SHIPS FOR OCEAN AND RIVER SER VICE, Elementary 

and Practical Principles of the Construction of. By HakonA.Sommerpeldt. z/6 
^^•\AN ATLAS OF ENGRAVINGS to Illustrate the above. 

Twelve large folding Plates. Royal 4to. doth 7/6 

54, MASTING, MAST-MAKING, AND RIGGING OF 

SHIPS, Also Tables of Spars. Rigging, Blocks ; Chain. Wire, and Hemp 
Ropes. Ac. relative to every class of vessels. By Robert Kipping, N.A. «/o 
54*. IRON SHIP-BUILDING. With Practical Examples and 

Details. By John Grantham. Fifth Edition 4/0 

55. THE SAILOR'S SEA BOOK: A Rudimentary Treatise on 

Navigation. By James Greenwood, B.A. With numerous Woodcou 
and Coloured Plates. New and enlarged Edition. By W. H. RossEK . 8/6t 
*' Is perhaps the best and sinplest epitome of navigation ever compiled.— /iiri!i/. 

55 PRACTICAL NAVIGATION. Consisting of The Sailor's 

Ik Sba-Book. by James Greenwood and W. H. Rosser ; together with 

904. Mathematical and Nautical Tables for the Working of the Problems, by 

Henry Law. C.E.. and Prof. J. R. Young. Half-bound in leather . 7/0. 

" A vast amount of information is contained in this volume, and we fancy in a very short time that it 
will be seen in the library of almost everv ship or yacht mAo%t.**~~ Hun fs Ymchtmg Maf^mmmt, 

So. MARINE ENGINES AND STEAM VESSELS. By 
R. Murray. C.E. Eighth Editkm. thoroughly Revised, with Additions hf 

the Author and by George Carlisle. C.E 4/^X 

" An indispensable manual for the student of marine engiaecring.*'— £. /wr }^o tf / Mgreuty. 

jHs. THE FORMS OF SHIPS AND BOATS. By W. Bland. 

Seventh Edition, revised, with numerous Illustrations and Models . .z/6 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in 

Theory and Practice. By Prof. J. R. Young. New Edition. Illustrated . a/6 
" A very complete, thoroufdi. and useful manual for the young namgBtar,**^Oi$trrmt0ty. 

,06. SHIPS' ANCHORS, a Treatise on. By George Cotsell. 1/6 
X49. SAILS AND SAIL-MAKING. With Draughting, and the 

Centre of Effort of the Sails. Also. Weights and Sizes of Ropes : Masting. 

RilDhng. and Sails of Steam Vessels. &c. By Robert Kipping, N.A. . 8/6} 
,55. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NA VIES, By a Practical Engineer. Revised by 
D. F. McCarthy, lati^of the Ordna nce Surv^v Off ice. Southampton . . 3/0 

%^ ThiX indicates thai these vols, may be had stron^fy bound at 6d, oatra. 
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AGRICULTURE, GARDENING, etc. 
<n». A COMPLETE READY RECKONER FOR THE AD- 
MEASUREMENT OF LAND, 6*r. By A. Arman. Third Edition. 

verised and extended by C. Norris, Sunreyor, Valuer, &c a/o 

^ A very usdiil book to all who have land to measure."— ^at^ Lane Bx^st. 
Should be in the hands of ail persons having any connection with \xaidu*— Irish Fmrm. 

MI. MILLER'S, CORN MERCHANT'S, AND FARMER'S 
READY RECKONER, Second Edition, revised, with a Price List of 

Modem Floor Mill Machinery, by W. S. Huttok. C.E a/o 

" Will prove an indispensable vatU mtcmm. Nothing has been spared to make the book complete and 
perfectHr adapted to iu special purpose. '—JfiVi^rr. 

140. SOILS, MANURES, AND CROPS. (Vol. I. Outlines of 

Modern Farming.) By R. Scott Born. Woodcuts a/o 

X4X. FARMING AND FARMING ECONOMY, Historical and 

Practical. (Vol. II. Outlines op Modern Farming.) By R. Scott Burn. 3/0 
" Embendy calculated to enlighten the agricultural communitv on the varied subjects of which it 
treats ; hence it shoukl find a place in every farmer's library.'*-— Ci/y Press. 

14a. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. III. 

Outlines OF Modern Farming.) By R. Scott Burn. Woodcuts. . a/6 
" The author's gnup of his subject \% thorough, and hu grouping of fiactt effective. . . . We com- 
■Mnd this excellent treatise."— ffW^// Dispatch. 

,45. DAIRY, PIGS, AND POULTRY. (Vol. IV. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts . . . .a/o 
*' We can testify to the clearness and intelligibility of the matter, which has been compiled from the 
ImsI authorities."— Zmm/mi Review. , 

tAjS. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. V. OUTLINES OF MODERN 

Farming.) By R. Scott Burn. Woodcuts a/6 

'* A work containing valuable infornwtion, which will recommend itself to all interested in modem 
iwxxiang.**— Field. 

\f A OUTLINES OF MODERN FARMING. By R. Scott 

Burn. Author of "Landed Estates Management." "Farm Management." 
and Editor of "The Complete Grazier." Consisting of the above Five 
Volumes in One, 1.250 pp., profusely Illustrated, half-bound .... za/o 
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"The aim of the author has been to make ht< work at once comprehensive and trustworthy, and in 
dus aim he has succeeded to a degree which entides him to much credit."— J/iM^MA^ Adoertiser. 
" Should find a place in every farmer** library."— Ci/y Press. 
"No farmer should be without it." — BatUmry Guardian. 

177. FRUIT TREES, The Scientific and Profitable Culture of. 
From the French of M. Du Breuil. Fourth Edition, carefully Revised by 

George Glenny. With 187 Woodcuts 3/6X 

" The book teaches how to prune and train fruit trees to perfecti<m.*'— /VViV. 

198. SHEEP: The History, Structure, Economy, and Diseases of. 

By W. C. Spooner, M.R.V.C. Ac. Fifth Edition, with fine Engravings, 

inchiding Specimens of New and Improved Breeds. 366 pp 3/6^ 

*' The book is decidedly the best of the kind in our language."— 5'ci'/rMraff. 

•OX. KITCHEN GARDENING MADE EASY, Showing the 

t>est means of Cultivating every known Vegetable and Herb, Ac, with direc- 
tions for management all the year round. By Geo. M. F. Glenny. Illustrated z/6X 
*'This book will be found trustworthy and useful.*'— JV^r/A British Africnlturist. 

^. OUTLINES OF FARM MANAGEMENT. Treating of 

the General Work of the Farm ; Stock ; Contract Work ; Labour, Ac. By 
R. Scott Burn, Author of •• Outlines of Modem Farming," Ac. . . . a/6t 
" The book is eminently practical, and may be studied with advanUge by beginners in agriculture, 
while it contains hints which wUl be usdul to old and successful furmm.'^—Scetsmam, 

ao8. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands. Methods of Farming, the Setting-out of 
Farms, Ac. ; Roads, Fences, Gates. Irrigation, Drainage, Ac. By R. S. Burn. a/6t 
*' A complete and comprehensive oudine of the duties appertaining to the management of landed 
estates. "—7tf«r«tf/ ^ Fertstry, 

*^* Nos. aoy 6* ao8 fis One Vol., kamdsomeh kalf-bonmd, eniitled *' OuTUNES OF LANDED 
Estates and Farm Management.'" By Robert Scott Burn. Price dx. 

»»r The X indUtUes that these vols, may bt had strongly bound at 6d. istra. 
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Agriculture, Gardening, etc., continued. 
ao9. THE TREE PLANTER AND PLANT PROPAGATOR : 

With Dumerous Illustrations of Grafting, Layering, Bi^dding, Implements, 
Houses, Pits, &c. By S. Wood, Author of "Good Gardening," &c. . . a/o 

"^ Sottnd in its teaching and very comprehensive in its aim. It is a good boolc" — Gardtrurt* Mmgnnitu. 

"The instructions are thoroughly practical and correct."— •A'iffr^A British Agricultufist. 

9IO. THE TREE PRUNER : Being a Practical Manual on the 

Pruning of Fniit Trees, including also their Training and Renovation, also 
treating of the Pruning of Shrubs. Climbers and Flowering Plants. With 
numerous Illustrations. By Samui!;l Wood, Author of ** Good Gardening," &c. i/6 

•* A useful book, written by one who has had ?reat eitperience. "—^ftfr* Ltuu Express. 

*' We recommend this treatise very highly."- North British AgricMlturist. 

•»• Nos. 209 6* aio in One Vol,, handsomely half-bonnd, entitled "The Trbr 
Planter, Propagator and Pruner." By Samuel Wood. Price 31. 6</. 

ai8. THE HAY AND STRAW MEASURER: New Tables 

for the Use of Auctioneers. Valuers. Farmers, Hay and Straw Dealers, &c., 
forming a complete Calculator and Ready Reckoner. By John Steele . a/o 
" A most useful handbook. It should be in every professional office where agricultural valuations are 
conducted."— Z,a«/i4/r«/*i Record. 

aaa. SUBURBAN FARMING : A Treatise on the Laying-out and 

Cultivation of Farms, adapted to the Produce of Milk. Butter and Cheese. Eggs, 
Poultry, and Pigs. By the late Prof. John Donaldson. With Additions, 
illustrating Modem Practice, by R. Scott Burn. With nunierous Illustrations 3/6^ . 
** An admiraUe treatise on all matters connected with dairy farms." — Live Stock youmml, 

,3,. THE ART OF GRAFTING AND BUDDING. By 

Charles Baltet. With Illustrations a/6t 

** The one standard work on this vi\i\ticX,** —Scotsman^ 

832. COTTAGE GARDENING; or, Flowers, Fruits, and Vege- 
tables for Small Gardens. By £. Hobday 1/6 

" Definite instructions as to the culdvation of small ^rAeti%** -Scotsman, 
" Contains much useful information at a small charge."— ^^/oj/vw Herald, 

233. GARDEN RECEIPTS Edited by Charles W. Quin. 1/6 

" A singulariy complete collection of the principal receipts needed by gardeners." — Farmtr, 
"A useful and handy book, containing a good deal of valuable information.'* — Athenaum. 

a34. MARKET AND KITCHEN GARDENING. By C. VV. 

Shaw, latB Editor of "Gardening Illustrated" 3/ot 

*' The most valuable compendium of kitchen and market-garden work published."— /^aniwrr. 
" A most comprehensive volume on market and kitchen-gardening." — Mark Lane Express, 

239. DRAINING AND EMBANKING, A Practical Treatise. 

By John Scott, late Professor of Agriculture and Rural Economy at the ' 

Royal Agricultural College, Cirencester. With 68 Illustrations . . . .1/6 
** A valuable handbook to the engineer, as well as to the surveyor." — Land. 

" This volume should be perused by all interested in this important branch of estate improvement.** 
—Land AgenVs Record. 

a4o. IRRIGATION AND WATER SUPPL Y: A Practical Trea- 

tise on Water Meadows, Sewage Irrigation, Warping, &c. ; on the Construc- 
tion of Wells, Ponds and Reservoirs, &c. By Prof. J. Scott. With 34 Illusts. x/6 
" A valuable and indispensable book for the esute manager and owner.** — Forestry, 
** Well worth the study of all farmers and landed proprietors.'*— ^MtA/cVr/- News. 

84,. FARM ROADS, FENCES, AND GATES: A Practical 
Treatise on the Roads, Tramways, and Waterways of the Farm ; the Prin- 
ciples of Enclosures; and the different kinds of Fences, Gates, and Stiles. 
By Professor John Scott. With 75 Illustrations 1/6 

*' Mr. Scott's treatise will be welcomed as a concisely compiled handbook.**— ^aM/k/M^f News. 

** A useful practical work, which should be in the bands of every (sjcmcr,**— Farmer. 

34a. FARM BUILDINGS: A Practical Treatise on the Buildings 
necessary for various kinds of Farms, their Arrangement and Construction, 
with Plans and Estimates. Bf Prof. John Scott. With 105 Illustrations . a/o 
** No one who is called upon to design farm-buildings can afford to be without this work^'^—Builder 
** This book ought to be in the hands of every landowner and agent." — Kelso Chronicle. 

043. BARN IMPLEMENTS AND MACHINES. Treating of 
the Application of Power to the Operations of Agriculture; and of the 
various Machines used in the Threshing-barn, in the Stock-yard, Daily, &c. 
By Professor John Scott. With 123 Illustrations a/o 

■^ TIU \ indicates the^ these vols, may be had strongly hound at 6d, extra. 
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244. FIELD IMPLEMENTS AND MACHINES: With Prin- 

ciples and Details of Construction and Points of Elxcellence, their Manage- 
ment, &c. By Frof. John Scott. With 138 Illustrations . . . . a/o 

245. AGRICULTURAL SURVEYING: A Treatise on Land 

Surveying, Levelling, and Setting-out ; with Directions for Valuing and Re- 
porting on Farms and Estates. By Prof. J. Scott. With 62 Illustrations 1/6 

^Z9'\FAEM ENGINEERING : By Professor John Scott. Com- 

^^ f prising the above Seven Volumes in One, i, 150 pages, and over 600 Illustrations. 

245) Half.bound 12/0 

"A copy of this work should b« treasured up in every library where the owner thereof is in any way 
connected with \AnA,**~Farm and Home. 

2sa MEAT PRODUCTION: A Manual for Producers, Distribu- 

tors, and Consumers of Butchers' Meat. By John Ewart. . . .2/6 

*' A compact and handv volume on the meat question/' — Afeat and Prom'ston Trades* Review. 

265. BOOK-KEEPING FOR FARMERS AND ESTATE 

OWNERS, A Practical Treatise, presenting, in Three Plans, a System 
adapted for all classes of Farms. By J. M. Woodman. Charterea Accountant. 

Third Edition, revised 2/6 

•«• The above in cloth boards, strongly bound, '^. 6d. 
** Will be found of great assistance by those who intend to commence a system of boolc-keeping, the 
author's examples being clear and explicit, and his explanations full and accurate." — Live Stock Jotirnal. 

MATHEMATICS, ARITHMETIC, etc. 
3a, MA THEMATICAL INSTRUMENTS, a Treatise on ; Their 

Construction. Adjustment, Testing, and Use concisely Expl:£ned. By J. F. 
Heather, M.A., of the Royal Military Academy. Woolwich. Fourteenth 
Edition,. Revised, with Additions, by A. T. Walmisley. M.I.C.E.. Fellow of 
the Surveyors' Institution. Original Eldition, in i vol., Illustrated . . . 2/0^ 
•^* In ordering the above, be careful to say '• Original Edition," or give the number in 
the Series (32), to distinguish it from the Enlarged Edition in 3 vols. fNos.i6^-^r70j, 

76. DESCRIPTIVE GEOMETR K, an Elementary Treatise on ; 

with a Theory of Shadows and of Perspective, extracted from the French of 
G. MONGE. To which is added a Description of the Principles and Practice 
of Isometrical Projection. By J. F. Heather, M. A. With 14 Plates . 2/0 

78. PRACTICAL PLANJA GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts . 2/0 
"The author is well-known as an experienced professor, and the volume contains as complete a 
collection of problems as is likely to be required in ordinary practice." — Architect. 

«3. COMMERCIAL BOOK-KEEPING. With Commercial 
Phrases and Forms in English, French, Italian, and German. By Tames 
Haddon, M.A., formerly Mathematical Master, King's College School . x/6 

84. ARITHMETIC, a Rudimentary Treatise on : with full Expla- 

nations of its Theoretical Principles, and numerous Examples for Practice, 
For the Use of Schools and for Self-Instruction. By J. R. Young, late 
Professor of Mathematics in Belfast College. Eleventh Edition . . z/6 

z^\A KEY TO THE ABOVE. By J. R. Young . , .1/6 

85. EQUATIONAL ARITHMETIC, applied to Questions of 

Interest, Annuities, Life Assurance, and General Commerce ; with various 
Tables by which all Calculations may be greatly facilitated. By W. Hipsley. 2/0 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

formerly Mathematical Master of King's College School. With Appendix, 
containing Miscellaneous Investigations, and a collection of Problems . 2/0 

t6\A KEY AND COMPANION TO THE ABOVE. An 

extensive repository of Solved Examples and Problems in Illustration of the 
various Expedients necessary in Algebraical Operations. By J. R. Young. 

88. EUCLID, The Elements of: with many Additional Proposi- 

& tions and Explanatory Notes ; to which is prefixed an Introductory Essuy on 

89. Logic. By Hbnky Law, C.E * 2/6 

*^* Sold also separately, vix. r — 

88. Euclid, The First Three Books. By Henry Law, C.E x/6 

8q. EncLiD. Books4. 5. 6. II. 12. Bv Henry Law. C.E 1/6 

iS* Tike t indwtmtes tkeU tkgte vols, may be had strongly 4mimt( a 6d. txtra. 
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Mathematics, Arithmetic^ etc., continued, 

90. ANALYTICAL GEOMETRY AND CONIC SEC- 

r/0A^6\ a Rudimeotanr Treatise on. ByjAMRS Hann. A New Edition, 

re-written and enlarged by Professor). R.Young a/oj 

" The author's style is exceedingly clear twd simple, and the book is well adapted for the beginner 
«nd those who may be ubliged to have recourse to self-tuition."— ^^v'"'^''* 

91. PLANE TRIGONOMETRY, the Elements of. By Jambs 

Hann, formerly Mathematical Master of King's College, London . . 1/6 

^. SPHERICAL TRIGONOMETRY, the Elements of. By 

James Hann. Revised by Charles H. Dowling, C.E x/o 

•♦* Or with •• The Eiements of Plant TrijfOHomeiiy" in Ont Volume, aj. 6</. 

93. MENSURATION AND MEASURING, for Students and 

Practical Use. With the Mensuration and Levelling of Land for the purposes 
of Modem Engineering. By T. Bakek, C.E. New Ed. by E. Nugent, C.E. x/6 

,ox. DIFFERENTIAL CALCULUS^'EXtmtnisoi^t. ByW.S.B. 

WOOLHOUSE, F.R.A.S., &c z/^ 

tea. INTEGRAL CALCULUS. By Homersham Cox. B.A. . 1/0 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction. By James H addon, M. A. Revised by Abraham Arm an . 1/6 

,37. A KEY TO THE ABOVE. By A. Arman .... 1/6 

,68. DRA WING AND MEASURING INSTRUMENTS. In- 
eluding — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A z/6 

" Valuable and instructive to all wkose occupations require exceptional accuracy in maasorements.* 
^yemeller and Metml Wmrker. 

X69. OPTICAL INSTRUMENTS. Including (more especiaUy) 

Telescopes. Microscopes, and Apparatus for producing copies of Maps and 
Plans by Photography. By J. F. Heather, M. A. Illustrated . . .z/6 
" An excellent treatise."— ^nViiA JoumiU of Ph0togmfky . 

,70. SURVEYING 6* ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments used for Determining the Geometrical Features of 
a portion of Ground. II. Instruments employed in Astronomical Observa- 
tions. ByJ. F. Heather, M.A. Illustrated z/6 

*' A good, sensible, useful book.*'— 5'cA«^ Board CkronicU. 
♦^* The above three volumes form an enlargement of the Authors original worh, 
• * Mathematical Instruments " : price ax. (See No. 3a in the Sertes, ) 

\ MATHEMATICAL INSTRUMENTS: Their Construction, 

168. Adjustment, Testing and Use. Comprising Drawing, Measuring. Optical, 

169. • Surveying, and Astronomical Instruments. By J. F. Heather, M.A. 
Z70. Enlarged Edition, for the most part entirely re-written. The Three Parts 

/ as above, in One thick Volume 4/6^ 

" An exhaustive treatise, belonging to the well-known Weale's Series. Mr. Heather's ewperi— ce 
well qualifies him for the taJc he ba» so aUy fulfilled."— ir«^'M#/; ing and Building Time*. 

,58. THE SLIDE RULE, AND HOW TO USE IT Con- 
taining full, easy, and simple Instructions to perform all Business Calcolatioos 
with unexampled rapidity and accuraqr. By Charles HOARE,CE. With 
a Slide Rule, in tuck of cover. Fifth Edition 8/6X 

,g6. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES : with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, &c.. in all their Applications and Uses for Mer- 
cantile and Sute Purposes. By Fedor Thom an, of the Soci^ CrMit 
Mobilier, Paris. Fourth Edition, carefully revised and corrected . . 4/0 

*' A very powerful work, and the author has a very remarkable command of his subject.**~ P ro f ea a or 
A de MoKGAN. ** We recommend it to the notice of actuaries and accountants."— >4MriMnMv. 



The \ indicates that these vols, may te had U ron gty hound at 6d, ettrm. 
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Mathematics, Arithmetic, etc., continued. 

199. THE COMPENDIOUS CALCULATOR (IniuUwe Calcu- 
iations); or, Easy aod Concise Methods of Performing the various Arith- 
metical Operations required in Commercial and Business Transactions ; 
together with Useful Tables, &c. By Daniei^O'Gorman. Twenty-seventh 

Edition, carefully revised by C. Norbis 8/6 

*«* The above strongly half-bound^ price y, 6d. 
*' It would be diflBcttU to exaggerate the uaefulneaa of this book to everyone engaged in commerce 
oc ™*nuuccuring industry. It is crammed full with rules and formuhe for shortening and employing 
calculauoos in money, weights and measures, &c. of every sort and description."— ^w^wi^/. 

ao4. MATHEMATICAL TABLES, for Trigonometrical, Astro- 
nomical, and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By H. Law, C.E. Together with a Series of Tables for Navi- 
gation and Nautical Astronomy. By Professor J. R. Young. New Edition 4/0 

•o4.» LOGARITHMS, With Mathematical Tables for Trigonome- 
trical, Astronomical, and Nautical Calculations. By Henry Law, C.E. 
Revised Edition. (Forming part of the above work.) 3/0 

MI. MEASURES, WEIGHTS, AND MONEYS OF ALL 

NATIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., F.S.S. Seventh Edition, 8/6{ 
** A work necessary for every mercantile othot.'*-^ Building Trades journal. 

aay. ^ TREATISE ON MATHEMATICS, as applied to the 

Constructive Arts. By Francis Campin, C.E., Ac. Second Edition . . 3/0^ 
" Should be in the hands of everyone connected with building construction."— ^imA^x Weekly 
Keperttr, * 

PHYSICAL SCIENCE, NATURAL PHILOSOPHY, etc. 

I. CHEMISTRY,{or the Use of Beginners. By Prof. Geo. Fownes, 

F.R.S. With an Appendix on the Application of Chemistry to Agriculture, x/o 

a. NATURAL PHILOSOPHY, for the Use of Beginners. 

By Charles Tomlinson, F.R.S 1/6 

6. MECHANICS: Being a concise Exposition of the General 

Principles of Mechanical Science, and their Applications. By Chakles 
Tomlinson, F.R.S 1/6 

7. ELECTRICITY; showing the General Principles of Electri- 

cal Science, and the Purposes to which it has been applied. By Sir W. Snow 
Harris, F.R.S.. &c. With considerable Additions by R. Sabine, C.R., F.S.A. z/6 

7». GALVANISM. By Sir W. Snow Harris. New Edition, 

revised, with considerable Additions, by Robert Sabine, C.E. . . . 1/6 

8. MAGNETISM. By Sir W. Snow Harris. New Edition, 

revised and enlarged by H. M. NOAD, Ph.D. With 165 Woodcuts . . 3/6^ 
^ " The best poplar exposiiion of magnetism, its intricate relations and complicating effects, with 
which we are acquainted.*'^^c>l00/ Board Chronicle, 

„. THE ELECTRIC TELEGRAPH: its History and Progress ; 

with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A., &c. 3/0 
" Essentially a practical and insmictive wot\l,**— Daily Telegraph, 

xa. /W^ 6^.^77(75, including Acoustics and the Phenomena of 
Wind Currents, for the Use of Beginners. By Charles Tomlinson, F.R.S. 
Fourth Edition, enlarged. Illustrated 1/6 

7a. MANUAL OF THE MOLLUSCA: A Treatise on Recent 
and Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by 
Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts, 
cloth boards, gilt 7/6 

*' A storehouse of conchological and geological informadon."— ^ar</w/V>lr'x Scifkce Goteip. 

** An important work, with such additions as complete it to the present time." — Land and IVater, 

^, ASTRONOMY. By the late Rev. Robert Main, M. A., F.R.S., 

formerly Radcliffe Observer at Oxford. Third Edition, revised and corrected 
to the Present Time, by William Thynnb Lynn, B.A., F.R.A.S. . . 2/0 
"A sound and umple treatise, very carefully edited, and a capital book for|b^inners.*'— AViMi;/r<^/. 

^. STATICS AND DYNAMICS, the Principles and Practice of; 
embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. Fourth Edition x/6 



13^ The X indicates that ihae vols, may be had strongly bound at 6d, extra. 
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Physical Science, Natural Philosophy, etc., continued. 

X38. TELEGRAPH, HANDBOOK OF THE: A Guide to 
Candidates for Employment in the Telegraph Service. By R. Bono. Fourth 
Edition 3/ot 

,73. PHYSICAL 6^^C>ZC>G^r,partlybasedonMajor-GeneralPoRT. 

LOCK'S "Rudiments of Geology." By Ralph Tate, A.L.S.. &c. Woodcuts, a/o 

174. HISTORICAL GEOLOGY, partly based on Major-General 

PoRTLOCK's "Rudiments." By Ralph Tate, A. L.S., Ac Woodcuts. .a/6 

X73. GEOLOGY, Physical and Historical. Consisting of 

ft ** Physical Geolo^." which sets forth the Leading Principles of the Science ; 

X74. and " Historical Geology." which treats of ihe Mintnral and Onranic Conditions 

of the Earth at each successive epoch. By Ralph Tate, F.G.S., &c., &c. 

With 250 Illustrations 4/6^ 

" The fulness of the matter has elevated the book into a manual. Its information is exhaustive and 
well arranged, so that any subject may be opened upon at onct^—Sckocl Board CkronicU. 

,83. ANIMAL PHYSICS, Handbook of. By Dionysius Lard- 
184. NER. D.C.L. With 520 Illustrations. In One Vol. (73a pages), cloth boards. 7/6 
•»• Sold also tM Two Parts, as follows: — 

183. Animal Physics. By Dr. Lardner. Part I., Chapters I.-VI I. . .4/0 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VI II.-X VII I. .3/0 

*' This book conuins a great deal more than an introduction to human anatomy. In it will be found 
the elements of comparative anatomy, a complete treatise on the functions of the body, and a description 
of Che phenomena or btrth, growth, and decay. ' — Educational Tiwus, 

269. LIGHT: An Introduction to the Science of Optics. Designed 
for the Use of Students of Architecture, Engineering, and other Applied 
Sciences. By E. Wyndham Tarn, M.A., Author of "The Science of 
Building." ftc x/6 

FINE ARTS, etc. 
ac PERSPECTIVE FOR BEGINNERS. Adapted to Young 

Students and Amateurs in Architecture, Painting, Ac. By George Pynb. a/o 

40. GLASS STAINING, AND THE ART OF PAINTING 
ON GLASS. From the German of Dr. Gbssert and Emanuel Otto 
Frombbro. With an Appendix on The Art op Enamelling. . .9/6 

' 69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer 3/6 

** Mr. Spencer has marshalled his information with much skill, and yet with a simplicity that must 
recoounend his works to all who wish to thoroughly understand music" — IVttklf Tittus, 

7x. PIANOFORTE, The Art of Playing the. With numerous 

Exercises and Lessons. By Charles Child Spencer . . .1/6 

" A sound and excellent work, written with spirit, and calculated to inspire the pu|Hl irith a desire to 
aim at high accomplishment in the art." — Sckool Board CkronicU. 

69.71. MUSIC, AND THE PIANOFORTE. One Vol Half4)0und. 5/o 

181. PAINTING POPULARLY EXPLAINED. By Thomas 
John Gullick. Painter, and John Timbs. F.S.A. Including Fresco. Oil, 
Mosaic. Water Colour, Water-Glass, Temp)era, Encaustic. Miiliature, Painting 
on Ivory, Vellum, Pottery, Enamel. Glass, &c. Fifth EdiUoa . . . 5/ot 
•«• Adopted as a Prize book at South Kensington. 
*' Much may he learned, even by those who fancy they do not require to be taught, from the careful 
perusal of this unpretending but comprehensive treatise." — Art yonrnal, 

186. A GRAMMAR OF COLOURING. Applied to Decorative 

Painting and the Arts. By George Field. New Edition, revised and 
enlarged by Ellis A. Davidson. With Coloured Plates .... 3/ot 

"The book is a most.useftil retumi of the properties of pigments.** — Builder. 

** One of the most useful of studenu' books.**— ^ rckitect, 

a46. A DICTIONARY OF PAINTERS, AND HANDBOOK 

FOR PICTURE AMA TEURS; being a Guide for Yisnors to Public and 
Private Picture Galleries, and ioi Art-Students, including Glossary of Terms, 
Sketch of Principal Schools of Painting, &c By Philippe Dary'l, B.A. . a/6t 
" Considering its small compasf^ really admirable. We cocdially l e t o uA eod the book." — Buitder. 

W^ The X ft* f^4Ues that these voh. may be had itromjfiy bwnd at 6^. extra. 
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INDUSTRIAL AND USEFUL ARTS. 
as. BRICKS AND TILES, 'Rudimentary Treatise on the 

Manufacture of; containing an Outline of the Principles of Brickmaking. 
By E. DoBSON. M.R.I.B.A. Additions by C. Tomlinson, F.R.S. lUust. 3/0J 
" The b«t handbook on the subject. We can safely recommend it as a good xixycaXmtnV*— Builder 

^. CLOCKS AND WATCHESy AND BELLS, a Rudimentary 

Treatise on. By Sir Edmund Beckett, Bart. Q.C. Seventh Edition. . 4/6 
•«• Th* above handsomely bounds cloth boards, 5J. 6</. 
"The best work on the subject probably extant. The treatise on bells is undoubtedly the best in 
the language."— ^x^'ic^^rrW/'. *' The only modem treatise on ciock-making."— /^iy/v/^<:a/ JournaL 

83»». CONSTRUCTION OF DOOR LOCKS. From the Papers 
of A. C. HoBBs. Edited by Charles Tomlinson, F.R.S. With a Note 
upon Iron Safes by Robert Mallet. Illustrated a/6 

i6a. THE BRASS FOUNDER'S MANUAL: Instructions for 

Modelling, Pattern Making,' Moulding. Turning, &c. By W. Graham. . a/ot 

20s. THE ART OF LETTER PAINTING MADE EASY. 

By Jambs Greig Badenoch. With la full-page Engravings of Examples . x/6 
" Any intelligent lad who fails to turn out decent work after studying this system, has mistaken his 
vocation.^*— ^i^^/mA Mechanic. 

ais. THE GOLDSMITH'S HANDBOOK, containing full In- 

structions in the Art of Alloying, Melting, Reducing, Colouring, Collecting and 
Refining. The processes of Manipulation, Recovery of Waste, Chemical and 
Physical Properties of Gold ; Solders, Enamels and other tiseful Rules and 
Recipes, &c. By George E. Gee. Third Edition, considerably enlarged . 3/ot 

**A good, sound, technical educator." — Horoli^al JournaL 

"A standard book, which few will care to be without"— 7'«v//#r'aiM/ Metalworker, ' 

aas. THE SILVERSMITH'S HANDBOOK, on the same plan 

as the above. By George E. Gee. Second Edition, Revised . . .3/ot 
"A valuable sequel to the author's ' Practical Goldworker.'"— wS'i/c'tfrrMrtM'f Trade youmal. 
" As a guide to workmen it will prove a good technical t^McaXot.**— Glasgow Herald. 
•»• The two preceding Works, in One handsome yol., half-bound, entitled ** The 
Goldsmith's and Silversmith's Complete Handbook." 7s. 

049. THE HALL-MARKING OF JEWELLERY. Compris- 
ing an account of all the different Assay Towns of the United Kingdom ; with 
the Stamps at present employed ; also the Laws relating to the Standards and 
Hall-Marks at the various Assay Offices. By George E. Gee . .. . 3/0$ 

"Deals thoroughly with its subject from a manufacturer's and dealer's point of view.**— ynwrZ^. 

" A valuable and trustworthy guide."— ^nt^/tsA Mechanic, 

224. COACH-BUILDING : A Practical Treatise, Historical and 

Descriptive. By Jambs W. Burgess. With 57 Illustrations . . . a/6t 
"This handbook will supply a long-felt want, not only to manufacturers themselves, but more 
particularly apprentices and others whose occupations may be in any way conneaed with the trade of 
coach-building." — European Mail. 

23s. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A.. Precentor of Ely Cathedral. Second Edition. Revised, with Addition^. 2/6 1 
"The amateur builder will find in this book all that is necessary to enable him personally to con- 
struct a perfect organ with his own hands." — Academy. 

**The best work on the subject that has yet appeared in book form.'* — English Mechanic. • 

26a. THE ART OF BOOT AND SHOEMAKING, including 
Measurement. Last-fitting, Cutting-out, Closing and Making ; with a Descrip 
tion of the most Approved Machinery employed. By John Bedford Leno^ 
late Editor of" St. Crispin " and ' ' The Boot and Shoemaker." With numerous 

Illustrations. Third Edition %jo\ 

*'This excellent treatise is by far the best work ever written on the subject. The chapter on clicking, 
which shows how vraste may be prevented, will save fifty times the price of the \m(^^* —Scottish Leather, 
Trader. 

263. MECHANICAL DENTISTRY: A Practical Treatise on the 
Construction of the Various Kinds of Artificial Dentures, comprising also 
Useful Formulae, Tables and Receipts for Gold Plate. Clasps, Solders, &c 
By Charles Hunter. Third Edition, revised, with additions . . T, 3/ot 
" We can strongly recommend Mr. Hunter's trratise to all students preparing for the profession of 
dentistry, as well as to every mechanical dentist.'* — Dublin Journal of Medical Saencei. 

270. WOOD ENGRAVING: A Practical and Easy Introduction 

to the Study of the Art. By W. N. Brown 1/6 



Thi^ X ineUemtis tkatthesi vols, may be hud strongly bound at 6d* extra* 
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36. A DICTIONARY OF TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, ARCHjE- 
OLOGY, ih* FINE ARTS, 6*r. By John Weale. Sixth Edition. 
Edited by Robt. Hunt, F.R.S., Keeper of Mining Records, Editor of 

" Ure's EHctionary." Numerous Illustrations 5A> 

•»• Tfu abovt, strongly bound in elotk hoards, prici 6j. 
-" The best small technological dictioDary ia the languace.'*— i4n:A///r/. 

" The absohite accuracy of a work of this character can only be judged of af^ extensive consultatioa 
and from our examination it appears very correct and very compleu.** — Mimimg J^mrmmL 

** There is no need now to speak of the excellence of this work : it received the approval of the com- 
munity long ago. Edited now by Mr. Robert Hunt, and published in a cheap, handy form, it will be of 
the utmost service as a book of reference scarcely to be exceeded in value.*'— .S^c^/xmiaw. 

y>.THE LAW OF CONTRACTS FOR WORKS AND 

SERVICES. By David Gibbons. Fourth Edition, witii Appendix of 

SUtutes by T. F. Uttlby, Solicitor. Cloth boards 3/^ 

" A very compendious, full and intellicible digest of the working and results of the law, in regard to 
all kinds of contracts between parties standing in the relation of employer and employed.**— ^iaiSi^!rr. 

"This exhaustive manual is written in a clear, terse, and pleasant style, aad is joat the work for 
masters and servanu alike to depend upon for consunt reference."— Jf//rv/#£teis. 

iia. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 

B.A., M.D. Intended as a Family Guide in all cases of Accident and Eroer- 

Rency. Third Edition, carefully revised 9/0 

" The author has, we think, performed a useful service by placing at the disposal of those situated, 
by unavoidable circumstances, at a distance from medical aid, a reliable and sensible work in which pro- 
fessional knowledge and accuracy have been well a eco oded by the ability to express himself ia ordinary 
untechnical language.**— /'w^/c^ HetUtk. 

„a.» MANAGEMENT OF HEALTH. A Manual of Home 

and Personal Hygiene. By the Rer.jAMES Baibd, B.A i/o 

" The author gives Sound instructions for the preservation of health.**— ^MrnMnriw. 
" It is wonderfully reliable, it is written widi excellent taste, and there is iastructioB crowded into 
every ^%t.**—Engttih Mo6kmmc. 

150. LOGIC^ Pure and Applied. By S. H. Emmens. Third Edition 1/6 

** This admirable work should be a text-book not only for schools, students and philosophers, for all 
lUtrmUnrt and men of sdeoce, but for those concerned w the pracdod affiurs of hfe, Ac.'* — Th4 Ntw$^ 

,53. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. WiUi Notes by S. H. Emiiens . . a/o 

,54. GENERAL HINTS TO EMIGRANTS. Containing No- 
tices of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, ftc. Useful Recipes, Map of the World, ftc. . . a/o 

,57. THE EMIGRANT'S GUIDE TO NATAL. By Robert 

James Mann, F.R.A.S., F.M.S. Second Edition, revised. Map . .9/0 

,93. HANDBOOK OF FIELD FORTIFICATION. By Major 

W. W. Knollys. F.R.G.S. With 163 Woodcuu 3/ot 

**A well'timed and able contribution to our military literature. . . . The author supplies, in a 
dear business style, all the information likely to be practically usefoL" — CM4uniert ^ Commurct 
CkromkU. 

194. THE HOUSE MANAGER: Being a Guide to Housekeep- 
ing, Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert. Cellarage of Wines, Home-brewing and 
Wine-making, the Boudoir and Dressing-room. Travelling, Stable Economy, 
Gardening Operations, &c. By An Old Housekebpbr .... 3/6^ 
" We find here directions to be discovered in no other book, tending to save expense to the podtet, 
as well as labour to the head."— ^M* BuiL 

** Quite an Encyclopaedia of domestic matter*. We have been greatly pleased with the neatness 
and luadity of the explanatory details."— C««rf Circmlmr. 

,94. \ HOUSE BOOK^The). Comprising: I. The House Manager. 
113. L By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding. 
ft r M.D. III. Management op Health. By James Baird. InOneVoL, 
iia*. ) strongly half-bound 6/0 
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